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INDUSTRIAL HEALTH 


Toxicity of Ethylene Ovide 


R. L. HOLLINGSWORTH, M.S. 

V. K. ROWE, MS. 

F. OYEN 

D. D. McCOLLISTER, B.S. 

and 

H. C. SPENCER, Ph.D., Midland, Mich. 


REVIEW OF LITERATURE 

Just a few years ago Curme and Johnston ' 
edited an American Chemical Society mono- 
graph which provided extensive information 
on ethylene oxide ; McClellan * described the 
manufacture and uses of the material ; Wan ® 
investigated the oxidation of ethylene to 
ethylene oxide: Hess and Tilton * reported 
on hazards and methods of handling the 
compound, and the Manufacturing Chemists’ 
Association * published a Chemical Safety 
Data Sheet which presented a detailed ac- 
count of the properties and essential infor- 
mation for safe handling and use of this 
important chemical. 

Ethylene oxide reacts readily with com- 
pounds having a labile hydrogen yielding a 
substituted ethanol. inter- 
mediate is widely used in the production of 
ethylene glycol, polyethylene glycols, acry- 
lonitrile, ethanolamines, detergents, starch 
derivatives, petroleum deemulsifiers, and 
choline. 


This chemical 


Accepted for publication July 20, 1955. 


From the Biochemical Research Department, 
The Dow Chemical Company. 


Ethylene oxide, usually mixed with car- 
bon dioxide to reduce flammability and 
increase efficacy, is employed as a fumigant 
for certain food products, such as dried 
fruits, nut meats, spices, candy, and grains.* 
It is used as a pest control agent and is 
effective in sterilizing hospital equipment, 
soil, culture media, ete.7 

In 1930 Waite, Patty, and Yant’ re- 
ported on the acute vapor toxicity of ethyl- 
ene oxide for guinea pigs. These investi- 
gators concluded that exposure to 50,000 to 
100,000 ppm causes death after a few min- 
utes’ exposure; exposure to 3000 to 6000 
ppm for 30 to 60 minutes is dangerous to 
the life of guinea pigs; 3000 ppm is the 
maximum amount for 60 minutes without 
serious disturbances, and 250 ppm is the 
maximum concentration for several hours 
without serious disturbances. They stated, 
“From the standpoint of relative toxicity 
(concentrations causing acute harm) ethyl- 
ene oxide is less harmful than hydrogen 
chloride and sulphur dioxide, more harmful 
than chloroform and carbon tetrachloride, 
and similar to ammonia.” 

Less extensive studies on the acute inhala- 
tion toxicity of ethylene oxide for various 


* References 6 to 12. Baerwald, F. K. (to Rosen- 
berg Bros. & Co.): Food Preservation Method, 
U. S. Patent, 2,370,768, March 6, 1945. 

+ References 13 to 18. Young, H. D., and Bus- 
bey, R. L.: References to the Use of Ethylene 
Oxide for Pest Control, multigraphed bulletin, U. S. 
Department of Agriculture, Bureau of Entomology 
and Plant Quarantine, April, 1935. 
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animal species have been reported by other 
authors. The material may be described 
as an irritant, a central nervous system de- 
pressant, and a protoplasmic poison. Deaths 
due to respiratory paralysis may result 
promptly from single vapor exposures caus- 
ing deep anesthesia. When animals are 
exposed once to smaller concentrations of 
ethylene oxide vapor, delayed deaths may 
occur due to lung edema, secondary respira- 
tory infection, and/or kidney and _ liver 
injury. Symptoms of excessive exposure 
observed in animals include irritation of the 
eyes, nose, and throat, “drunkenness,” vomit- 
ing, weakness, tremors, and shortness of 
breath. The development of symptoms other 
than those of irritation and “drunkenness” 
usually is delayed for some hours. 

Jacobson, Feinsilver, and Hackley § indi- 
cate that human subjects describe the odor 
of ethylene oxide at 700 ppm as sweet and 
slightly alcoholic. Waite, Patty, and Yant *” 
conclude that the moderate, distinct irritation 
produced by comparatively safe concentra- 
tions of ethylene oxide vapor must be taken 
as a warning of a dangerous atmosphere. 


In a few humans according to a number 
of sources,|| the early symptoms of excessive 
acute vapor exposure to ethylene oxide as 
such or in admixture with carbon dioxide 
include irritation of the eyes, nose, and 
throat and a peculiar taste. Symptoms of 
nausea, vomiting, headache, shortness of 
breath, cyanosis, diarrhea, mental dullness, 
drowsiness, weakness, incoordination, pul- 
monary edema, electrocardiogram abnormali- 
ties, lymphocytosis, and urinary excretion of 
bile pigments appear later. 


t References 20 to 29. Jacobson, K. H.; Fein- 
silver, L., and Hackley, E. B.: Acute Toxicity of 
Inhaled Ethylene Oxide and Propylene Oxide 
Vapors, read before the American Industrial 
Hygiene Association, Chicago, April 29, 1954. 

§ Jacobson, K. H.; Feinsilver, L., and Hackley, 
E. B.: Acute Toxicity of Inhaled Ethylene Oxide 
and Propylene Oxide Vapors, read before the Amer- 
ican Industrial Hygiene 
April 29, 1954. 

|| References 1, 4, 11, 30 to 35. 
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In order to evaluate a frequently cited 
preliminary report by Flury *° on the vapor 
toxicity of ethylene oxide, a German doctoral 
thesis by Trommer § was translated to obtain 
essential details. These investigators ex- 
posed a total of 7 dogs, 17 cats, 15 rabbits, 
18 guinea pigs, 7 rats, and 4 mice to ethyl- 
ene oxide vapor in 14 experiments tabulated 
separately. They used calculated concentra- 
tions of 250 to 4000 ppm and employed 
exposure times of 1 to 48 hours. The expo- 
sures were static. After exposure for about 
two hours to calculated vapor concentrations 
greater than 1000 ppm, moderate irritation 
of the mucous membranes of the nose and 
throat became apparent ; some cats exhibited 
salivation and lacrimation; dogs vomited 
occasionally ; breathing was somewhat ac- 
celerated in all animals. Following removal 
of the animals from the gas chamber, corneal 
opacity was seen especially in the guinea 
pigs; transient fits of coughing and nausea 
were observed in dogs and cats. The animals 
that survived the severer exposures were 
generally mildly ill for several days; symp- 
toms of bronchitis and loss of appetite were 
noted. Recovery appeared to be complete 
until characteristic delayed effects of apathy, 
dyspnea, vomiting, inflammation of the peri- 
osteum, paralysis of the hind legs, assump- 
tion of the side-position, severe respiratory 
distress, periodic convulsions, and death 
occurred. Autopsy of the animals revealed 
the following: congestion, hyperemia, and 
emphysema of the lungs ; plethora, congestion, 
and fatty degeneration of the liver; plethora, 
fatty degeneration, and cloudy swelling of 
the tubules of the kidneys; plethora, flaccidi- 
ty, hyperemia, and infrequent fatty degenera- 
tion of the muscle fibers and of the media 
of the coronary blood vessels of the heart, 
and plethora of the spleen and brain. Zer- 
nik *! described the studies of Flury and 
Trommer and mentioned that the empirical 
concentration decreased on an average at 
least 50% during the experimental period. 
These workers interpreted the animal toxicity 
data to mean that for human beings a single 


{ Trommer, A.: Concerning the Effect of In- 
haled Ethylene Oxide, Thesis, Wurzburg, 1931. 
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exposure for several hours to ethylene oxide 
vapor would be dangerous if the concentra- 
tion were 250 ppm and very hazardous if 
the concentration were 500 ppm. 

To date there has been only a very limited 
amount of toxicological data published on 
the effects of repeated vapor inhalation of 
ethylene oxide. Walker and Greeson ** ex- 
posed three rabbits, three guinea pigs, three 
rats, and three mice to a calculated concen- 
tration of 4000 ppm of ethylene oxide vapor 
for a total of five daily 30-minute exposures. 
These authors also gave two rabbits, three 
guinea pigs, three rats, and three mice re- 
peated vapor exposures to a nominal con- 
centration of 1250 ppm of the material for 
either 11 or 17 daily 40-minute exposures. 
Salivation and lung injury were the only 
findings recorded by these workers. 

Koelsch and Lederer ** carried out experi- 
ments with three cats and one dog for as 
long as 22 days. The animals were exposed 
daily for one to three hours to calculated 
concentrations of 50, 100, or 200 ppm of 
ethylene oxide vapor except for occasional 
interruptions or changes in the schedule 
adopted by these authors. Symptomatology 
observed in the cats and dog included apathy, 
loss of weight, weakness, vomiting, paralysis 
of rear extremities, and death. Gross and 
microscopic examination of the tissues of the 
animals revealed distinct changes only in the 
lungs. The significance of these reported 
observations is diminished because Koelsch 
and Lederer did not expose the animals uni- 
formly to the same concentration for the 
same time throughout the entire exposure 
regimen, did not check the vapor concentra- 
tions by analysis, and did not use control 
animals. 

It seems likely that the 1954 Threshold 
Limit Value ** of 100 ppm for ethylene oxide 
may have been based on the animal data 
available from these rather limited studies. 
No cases of chronic poisoning due to ethyl- 
ene oxide have been reported. 

Sexton and Henson # published two pa- 
pers dealing with human skin injuries. Pro- 


# References 35 and 36. 


longed, intimate skin contact with dilute or 
concentrated aqueous solutions of ethylene 
oxide can cause severe delayed burns. Such 


conditions, for example, might result from 
the material being held in close contact with 
the skin by clothing, shoes, gloves, watch- 
bands, or rings. After a latent period of 
several hours, the concentrated solutions 
produced edema and erythema. Shortly 
thereafter, vesiculation and/or impressive 
bleb formation were observed in the case of 
all aqueous solutions contacted. Urticaria 
sometimes appeared. Nausea and vomiting 
were noted in three men after an appreciable 
quantity of a 1% solution of ethylene oxide 
in water had directly contacted their skin for 
about two hours. The following conclusions 
of Sexton and Henson *° are quoted : 


1. The magnitude of the skin injury from ethylene 
oxide seems to be influenced and determined by the 
length of time of contact and the concentration. The 
most hazardous dilutions seem to be those in the 
50% range. 2. It can be stated with confidence that 
pure anhydrous liquid ethylene oxide does not cause 
primary injury to the dry skin of man. 3. Rapid 
vaporization of pure liquid ethylene oxide sprayed 
on the skin results in a freezing reaction of the skin. 
4. Repeated skin injury can result in such delayed 
sensitivity manifestations as the flare-up and spon- 
taneous flare-up reactions. 


Walker and indicated that 
marked conjunctival irritation followed the 


Greeson 7” 


introduction of a drop of ethylene oxide into 
the eyes of rabbits, and healing was complete 
without residual damage in about four days. 
Hess and Tilton * cited a private communica- 
tion from Smyth who found that liquid in 
the eye of an experimental animal caused 
great damage, with necrosis and loss of sight. 
McLaughlin ** reported one case of a human 
corneal burn following eye contact with ethyl- 
ene oxide; the eye healed promptly within 
48 hours after treatment by a denuding tech- 
nique, 

Smyth, Seaton, and Fischer *’ reported 
L.. D.s9 values of 0.33 gm/kg. for the rat and 
0.27 gm/kg. for the guinea pig when single 
oral doses of ethylene oxide were adminis- 
tered by stomach tube as a 1% solution in 
water. 
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The mode of toxic action of ethylene oxide 
appears to be complicated. Meyer and Gott- 
lieb-Billroth ** suggested that perhaps the 
toxicity of the material depended upon the 
intracellular formation of ethylene glycol by 
hydrolysis followed by oxidation to oxalic 
acid. Fraenkel-Conrat *° reported that ethyl- 
ene oxide reacts readily with crystalline egg 
albumen and B-lactoglobulin in aqueous solu- 
tion at room temperature. The labile hydro- 
gen atoms of the free carboxyl, phenolic, 
primary amino, and sulfhydryl groups of the 
protein structure were replaced by hydroxy- 
ethyl groups. Several authors * have theo- 
rized that ethylene oxide should be regarded 
as a cytotoxic alkylating agent. 


MATERIAL TESTED 


Ethylene oxide is a colorless gas having a boiling 
point of 10.7 C at 760 mm. of Hg pressure and a 
specific gravity of 0.887 at 7/4 C. The explosive 
limits of the compound are 3% to 100% by volume 
in air. It is soluble in water, alcohol, and ether. 

The commercial grade ethylene oxide used in 
these experiments assayed 97.0%-98.6% by weight 
by both chemical and mass spectroscopic analysis. 
Maximum amounts of the only impurities found by 
mass spectroscopic analysis were 2.3% air and 
0.7% acetylene by weight. 

ORAL ADMINISTRATION STUDIES 
PROCEDURES 

The ethylene oxide was dissolved in cold olive oil, 
and aliquots of such solutions were fed by intubation 
to rats. In the repeated oral feeding studies, fresh 
solutions were prepared at the first of each week 
and stored at 0 to 5 C. Analyses carried out on a 
cold 10% solution of ethylene oxide in olive oil on 
the day of preparation and four days later showed 
a high, nearly quantitative recovery of the material. 
Thus, the appropriateness of olive oil solutions for 
studies involving oral administration was estab- 
lished. 


RESULTS OF ORAL ADMINISTRATION OF SINGLE 
Doses 

When ethylene oxide was administered by 
intubation as a cold 10% solution in olive oil 
to groups of five young adult rats of mixed sex 
from the stock colony of this laboratory, 
single doses of 0.1 gm/kg. allowed the sur- 
vival of all animals and doses of 0.2 gm/kg. 


* References 13, 41, and 42. 
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killed all animals. All survivors gained 
weight in a normal manner during the post- 


feeding observation period of 9 to 13 days. 


RESULTS OF REPEATED ORAL ADMINISTRATION 

Four matched groups of five young adult 
female rats each were given repeated oral 
doses by intubation of cold olive oil solutions 
of ethylene oxide five times a week. At the 
high dosage level of 0.1 gm/kg., 15 doses 
were administered in 21 days. The animals 
on the remaining dosage levels of 0.03, 0.01, 
and 0.003 gm/kg. received 22 doses in 30 
days. Two other matched groups of five 
female rats each were fed similar quantities 
of cold olive oil alone and served as control 
groups for the experiment. All surviving 
animals were autopsied one day after they 
received the last dose. 

There was no mortality in any of the 
groups of rats attributable to the experimen- 
tal material. A marked loss of body weight, 
gastric irritation, and slight liver damage 
were found in the rats maintained on the 
high dosage level of 0.1 gm/kg. of ethylene 
oxide. The groups of female rats receiving 
22 oral doses in 30 days of 0.03, 0.01, and 
0.003 gm/kg. of ethylene oxide showed no 
evidence whatsoever of adverse effects as 
judged by growth, hematology, blood urea 
N determinations, organ weights, and gross 
and microscopic examination of the tissues. 


SKIN CONTACT—RABBITS 

Small pads of cotton were moistened with 10% 
and 50% aqueous solutions of ethylene oxide, re- 
spectively, and applied to the intact shaved abdomi- 
nal skin of immobilized rabbits under a saran plastic 
cover for periods of time ranging from 1 to 60 
minutes. The animals were observed for six to seven 
days following exposure. 

Hyperemia and edema resulted when the 
duration of skin contact was six minutes or 
longer. The severer exposures resulted in 
scar formation. The intensity of response 
was roughly proportional to the length of 
exposure time and the concentration. 


REPEATED VAPOR INHALATION STUDIES 
PROCEDURES 
Animals.—The source, feeding, selection, and 
handling of the rats, guinea pigs, rabbits, mice, and 
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monkeys used in the vapor inhalation experiments 
were essentially the same as those previously de- 
scribed *® by this laboratory. In each experiment, 
similar control groups were used, well matched with 
the experimental animals in respect to number, age, 
sex, and body weight. Routinely, these animals were 
exposed seven hours daily, five days a week. All 
survivors were killed on the day following the 
termination of the exposure regimen unless other- 
wise indicated ; their organs were weighed promptly, 
and their tissues were examined grossly and micro- 
scopically. 

The Fisher t-test 44 was employed in comparing 
the mean values of the final body weights and organ 
weights obtained on the ethylene oxide-exposed 
groups with those obtained on the control groups. 
Probability (?) values of less than 0.05 were inter- 
preted as indicating a significant difference. 

Apparatus Analytical Method—A_rec- 
tangular metal chamber with a capacity of about 
450 liters was employed for exposures at the aver- 
age concentrations by analysis of 841 and 357 ppm. 
Rectangular galvanized sheet-metal boxes with a 
capacity of about 1760 liters each were used as 


and 


chambers for exposures at the average concentra- 
tions by analysis of 204, 113, and 49 ppm. The 
ethylene oxide gas was pumped at a constant rate 
directly from a saran plastic bag reservoir into the 
chamber air stream by means of a Dual Syringe 
Feeder Pump. 

Hollingsworth and Waling 4° recently have de- 
scribed nearly all the apparatus utilized in this work 
and have recorded their experience in the use of 
Lubatti’s #® analytical method for ethylene oxide. 
Known volumes of the chamber atmosphere were 
drawn at a constant rate through a fritted glass 
absorber containing dilute sulfuric acid which was 
nearly saturated with magnesium bromide. The 
acid titrated standard sodium 
hydroxide solution using a methyl orange-xylene 
cyanole indicator, and the quantity of ethylene oxide 
equivalent to the amount of sulfuric acid consumed 
was calculated. 


excess was with 


RESULTS OF REPEATED SEVEN-Hour Exposures 

Concentration: 841 Ppm (1.51 Mg. per 
Liter) —Groups of 10 rats, 8 guinea pigs, 
and 1 rabbit of each sex plus 5 female mice 
and 1 female monkey received as many as 
eight exposures in 10 days. Irritation of the 
respiratory tract was apparent grossly. The 
mice appeared to be the most susceptible 
animal species tested at this concentration. 
All the animals died. 


In order to obtain a better understanding 
of the nature and extent of the organic 


injury, special matched groups of five rats 
and five guinea pigs of each sex were given 
two and three exposures, respectively, and 
these animals were killed for pathological ex- 
amination one day after their last exposure. 
This same procedure was repeated with addi- 
tional special matched groups of five rats 
and five guinea pigs of each sex except that 
the survivors (four rats and two guinea pigs) 
were killed three days after their last expo- 
sure. The organic injury was generally 
slight and confined to the lungs, liver, kidneys, 
and adrenals. Slight hemorrhage and conges- 
tion of the lungs, light coloration of the livers, 
enlargement of the kidneys, and pale colora- 
tion and enlargement of the adrenals were 
observed grossly. Microscopic examination 
of the tissues revealed slight to moderate 
interstitial edema, congestion, and alveolar 
hemorrhage in the lungs, slight fatty degen- 
eration of the livers, slight congestion and 
cloudy swelling of the convoluted tubules in 
the kidneys, and numerous fat vacuoles in 
the cortex of the adrenals. There was evi- 
dence of regeneration in the livers from ani- 
mals killed three days after their last expo- 
sure, and the injury in the kidneys was 
somewhat more clearly defined after three 
days than after one day. 

Concentration: 357 Ppm (0.64 Mg. per 
Liter ).—In the first pilot experiment, groups 
of 10 male and 10 female rats and 10 female 
mice received seven exposures in nine days. 
Two rats and four mice died. A moderate 
loss of body weight was observed. Organic 
injury was confined to severe lung injury 
in both species and was probably secondary 
to the primary lung irritation caused by 
these exposures. 

In a second experiment, groups of 10 rats 
of each sex, 1 rabbit of each sex, 10 female 
mice, and 1 female monkey were given as 
many as 33 to 59 exposures in 48 to 85 days. 
The growth of all species was markedly 
subnormal. All the mice were dead at the end 
of 33 exposures. All the rats except two 
males were dead after receiving 38 expo- 
sures; these two rats were given 42 expo- 
sures and then allowed to recover. The male 
rabbit died after 48 exposures. Secondary 
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respiratory infection was the primary cause 
of death in the rats and mice. 

In rats, rabbits, and monkey.during the 
latter portion of the exposure period, impair- 
ment of function (both sensory and motor) 
of the nervous system at the level of the 
lumbar and sacral region was noted ; paraly- 
sis and subsequent atrophy of the muscles 
of the hind limbs were observed. These 
findings were especially marked in the ani- 
mals that survived the exposure regimen. 
All these delayed effects were reversible as 
determined by discontinuing the exposures 
and observing the animals for the following 
100 to 132 days; recovery appeared to be 
complete in all species. 

Next, a third experiment was undertaken 
in order to study the response of guinea 
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pigs. Groups of eight guinea pigs of each 
sex received 123 seven-hour exposures in 
176 days to 357 ppm of ethylene oxide vapor. 
All the animals survived. Moderate growth 
depression in the males and slight growth 
depression in the females occurred. No ef- 
fects upon the nervous system were appar- 
ent. A slight increase in lung weight of the 
male guinea pigs was noted on the gram per 
100 gm. of body weight basis and was the 
only significant organ weight change found. 
Positive histopathologic findings were ap- 
preciable degeneration of the tubules of the 
testes with replacement fibrosis in the males 
and slight fatty degeneration in the cortex of 
the adrenals of the females. 

Finally, special studies on four monkeys 
were carried out. In one instance, a male and 
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Taste 1.—Final Average Body and Organ Weights from Rats That Received 127 to 133 Seven-Hour 
Vapor Exposures to Ethylene Oxide During a Period of 185 to 193 Days 


Vapor 
Conce., 
Ppm Sex 


*P< 0.001 


+P 0.001 

0.002-0 

§ P = 0.02-0.04 
P = 0.08 


a female monkey were exposed 38 to 41 times 
in 60 days ; one of the animals was allowed to 
recover completely. In another instance, two 
male monkeys were exposed 94 times in 140 
days. Growth depression was apparent. The 
monkeys exhibited the same characteristic re- 
sponse of impairment of function of the 
nervous system, paralysis, and muscular 
atrophy of the hind limbs as had been noted 
Knee 
jerk reflexes were very poor or nonexistent. 
Pain perception in the hind quarters and 
about the genitalia was very poor. The cre- 
masteric reflex was elicited. 
reflex of the palms of the 
nonexistent. Three of the monkeys were 
killed one or two days after their last expo- 
sure, and the results of micropathologic 
studies were negative. 


in animals in an earlier experiment. 


The extensor 
hind feet was 


In all the above long-term experiments 
carried out at a concentration of 357 ppm, 


Average Organ Weichts 


Final Av. (Gm./100 Gm. Body Wt.) 
Rats Body Wt., - 
No. Gm. Lungs Liver Kidneys Testes 
16 334 0.55 2.18 0.62 0.82 
6 268+ 0.72¢ 2.31 0.69 0.68 
16 291* 0.67+ 2.23 0.63 0.77 
17 207 0.71 2.43 0.75 
12 1818 O.88t 2.658 0.853 
18 14 0.85} 2.50 0.78 


blood urea nitrogen values for guinea pigs, 
rabbits, and monkeys and hematological val- 
ues for rats, rabbits, and monkeys were 
within the normal range. 

Concentration: 204 Ppm (0.37 Mg. per 
Liter) —Groups of 20 rats, 8 guinea pigs, 
and 2 rabbits of each sex plus 10 female mice 
and 2 female monkeys received 122 to 157 
exposures in 176 to 226 days. The growth 
of the rats was depressed as shown in the 
Chart. An appreciable number of the rats 
died, and a slightly greater mortality was 
observed in the experimental mice than in 
the control mice. Moribund rats were killed 
and autopsied during the course of the ex- 
periment; secondary respiratory infection 
was found to be responsible for their very 
poor condition except in a very few instances. 
Growth curves for the guinea pigs are pre- 
sented in the Chart. 
of 


There was no sub- 


stantial evidence adverse effect upon 


TasLe 2.—Final Average Body and Organ Weights from Guinea Pigs That Received 122 Seven-Hour 


Vapor 


Exposures to Ethylene Oxide During a Period of 176 Days 


Average Organ Weights 


Vapor Guinea Final Av. (Gm./100 Gm. Body Wt.) 
Cone Pigs, Body Wt., — 
Ppm Sex No. Gm. Lungs Liver Kidneys Testes 
M 7 §38 0.58 3.05 0.65 0.53 
M 4° 770 0.67% 2.75 0.75% 0.49 
F 8 808 0.67 3.22 0.63 
F 8 7458 0.798 3.29 0.698 


*Infeetious hepatitis was observed in three 
disearded. 


+ P = 0.02-0.04 
P = 0.07-0.08 
§P>01 


other survivors, and the data on these atypical guinea pigs were 
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growth or mortality of the guinea pigs, rab- 
bits, and monkeys. 

During the course of the experiment the 
monkeys developed less active knee jerk 
reflexes, and withdrawal from superficial 
pain stimuli in the hind feet and skin of the 
legs and back was abolished. There was a 
positive Babinski’s reflex. 
flexes were elicited in the feet, toe pads, etc. 
Partial paralysis and some evidence of mus- 
cular atrophy of the rear extremities were 


Deep pain re- 


noted. 

After 196 days on the experiment, the 
rabbits also exhibited slight to marked paral- 
ysis in the rear legs. 

Final body and organ weight data for rats 
and guinea pigs are furnished in Tables 1 
and 2, respectively. A marked increase in 
the lung weights of male and female rats, 
a moderate increase in the kidney weight 
and a slight increase in the liver weight of 
female rats, and a slight increase in the lung 
weight of male guinea pigs were observed. 
The apparent slight decrease in the testes 
weight of the rats and guinea pigs was not 
statistically significant. 

Gross and microscopic examination of the 
tissues of the experimental and control ani- 
mals revealed the following changes which 
204 


the 


were attributable to the exposures to 
ppm of ethylene oxide vapor. Grossly 
testes of the male rats appeared small, and 
microscopically there was evidence of slight 
degeneration of a few tubules. Very slight 
cloudy swelling of a few of the convoluted 
tubules of the kidneys of the male rats was 
seen under the microscope. Hemorrhage, 
congestion, emphysema, and atelectasis of 
the lungs of female rats were observed both 
grossly and microscopically. Slight general- 
ized interstitial edema and congestion were 
noted on microscopic examination of the 
lungs of the male rabbits. 

Terminal blood urea nitrogen values for 
rats, guinea pigs, rabbits, and monkeys 
and hematological values for rats, rabbits, 
and monkeys were within the normal range. 
Qualitative urine tests on female animals of 
all species for blood, sugar, albumin, and 
sediment were negative. 
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Concentration: 113 Ppm (0.20 Mg. per 
Liter ).—Groups of 20 rats, 8 guinea pigs, and 
2 rabbits of each sex and 2 female monkeys 
were given 122 to 157 exposures in 176 to 
226 days. These animals were treated in 
essentially the same manner as the animals 
exposed to 204 ppm of ethylene oxide vapor. 
The only positive findings resulting from the 
exposures to 113 ppm of ethylene oxide 
vapor were a growth depression in male 
rats, as shown in the Chart, and a moderate 
increase in the lung weights of the rats, as 
indicated in Table 1. 

Concentration: 49 Ppm (0.09 Mg. per 
Liter).—Groups of 20 rats, 8 guinea pigs, 
and 2 rabbits of each sex plus 10 female 
mice received 127 to 131 exposures in 180 
to 184 days. One male and one female 
monkey were also exposed, but our entire 
monkey colony was killed after this experi- 
ment had run for 54 days because of an 
epidemic of amebic dysentery. 

Repeated seven-hour vapor exposures to 
49 ppm of ethylene oxide had no adverse 
effect on any of the animals as judged by 
general appearance and behavior, mortality, 
growth, final body and organ weights, and 
gross and microscopic examination of the 
tissues. 

COMMENT 

The philosophy of the standards of indus- 
trial hygiene has been discussed in an earlier 
article ** from this laboratory. 

Careful, cautious examination and _ inter- 
pretation of all the published data on the 
vapor toxicity of ethylene oxide for labora- 
tory animals would seem to indicate that 
there would be little likelihood of serious 
effects resulting from single exposures to 
concentrations below 250 ppm, provided 
that such exposures did not exceed one hour 
in duration and were infrequent (perhaps 
not more than once a week). Moreover, it 
appears that the intensity of such infrequent 
single exposures, superimposed upon expo- 
sures of persons regularly subjected to vapor 
concentrations of ethylene oxide approaching 
but less than 50 ppm, would have to be 
reduced appreciably in order to assure a very 
low probability of serious effects resulting. 
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Based upon the results of the repeated 
vapor inhalation experiments on laboratory 
animals reported herein, it is our opinion 
that in instances where exposures are pro- 
longed and repeated (eight hours per day, 
five days a week) the vapor concentration of 
ethylene oxide should be maintained below 
50 ppm. 

A comparison of ethylene oxide and pro- 
pylene oxide from the toxicological viewpoint 
is facilitated by a concurrent paper * on the 
latter material. 


PRACTICAL CONSIDERATIONS IN 
HANDLING AND USE 

The practical significance of the toxico- 
logical properties of ethylene oxide, the 
hazards due to flammability, explosion, and 
reactivity, and the mechanical problems 
associated with the handling of the material 
as well as the precautions for safe handling 
and first-aid measures are discussed in the 
Manufacturing Chemists’ -\ssociation’s 
Chemical Safety Data Sheet SD-38, entitled 
“Properties and Essential Information for 
Safe Handling and Use of Ethylene Oxide.” 
In essence our work confirms the opinions 
presented in this excellent publication, with 
the exception of the maximum allowable 
concentration of 100 ppm recommended in 
Section 8.2.2; we believe that this value 
should be 50 ppm rather than 100 ppm. 

The handling hazards of ethylene oxide, 
which are closely related to the toxicological 
properties of the material, are similar in 
character to those of propylene oxide, but 
ethylene oxide appears to be about three 
times as toxic as propylene oxide by inhala- 
tion and ingestion for all animal species 
studied. Ethylene oxide and propylene oxide 
and strong aqueous solutions of these respec- 
tive materials seem to have comparable 
effects upon the eyes and skin of rabbits. 


SUMMARY AND CONCLUSIONS 


A review of the toxicological literature 
on ethylene oxide is presented. In general, 
single exposures to high concentrations of 
ethylene oxide vapor for various periods are 
reported to produce irritation of the respir- 


atory passages and eyes, depression of the 
central nervous system, and injury in various 
organs, particularly in the lungs. Severe 
injury to the eyes and skin are described 
as the result of contact, particularly with 
aqueous solutions of ethylene oxide. 

The subject material has a moderate oral 
toxicity for rats whether given in single 
or repeated doses. A single oral dose of 
0.1 gm/kg. allowed the survival of all ani- 
mals fed. Repeated oral doses of 0.03 gm/kg. 
of ethylene oxide given daily, 5 days a week, 
for a period of 30 days produced no toxic 
effect in rats. 

When strong aqueous solutions of ethylene 
oxide were confined to the skin of rabbits 
for 1 to 60 minutes, more or less serious 
etfects were observed when the duration of 
exposure was 6 minutes or longer. The 
intensity of response was roughly propor- 
tional to the length of exposure time and 
the concentration. 

Irritation of the respiratory passages and 
injury to the lungs occurred when animals 
were exposed repeatedly to 204, 357, and 
841 ppm of ethylene oxide vapor for seven 
hours a day, five days a week. Secondary 
respiratory infection caused the deaths of 
an appreciable number of rats and mice in 
these circumstances. In addition, organic 
injury to the liver, kidneys, adrenals, and 
testes was noted in the rats and guinea pigs. 
Delayed, reversible effects characterized by 
impairment of function (both sensory and 
motor) of the nervous system at the level 
of the lumbar and sacral region, paralysis, 
and muscular atrophy of the hind limbs were 
observed in rats, rabbits, and monkeys. Sig- 
nificant growth depression and organ weight 
changes also were noted. 

When animals were subjected to repeated 
seven-hour exposures to ethylene oxide va- 
por, five days a week, for six or seven 
months, guinea pigs, rabbits, and monkeys 
tolerated 113 ppm and rats and mice toler- 
ated 49 ppm without adverse effects. 

An industrial hygiene standard of 50 ppm 
is suggested for ethylene oxide. 

Practical considerations in handling and 
use of the subject material are discussed. 
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Ethylene oxide appears to be about three 
times as toxic as propylene oxide by inhala- 
tion and ingestion for all animal species 
studied. The two materials are similar in 
their effects upon the eyes and skin of 
rabbits. 
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H. C. SPENCER, Ph.D., Midland, Mich. 

There has been only a limited amount 
of toxicological data published on propylene 
oxide. Smyth, Seaton, and Fischer’ re- 
ported L.D.59 values of 1.14 gm/kg. for 
the rat and 0.69 gm/kg. for the guinea pig 
when single oral doses of this compound 
were administered by stomach tube as a 5% 
solution in water. 

Carpenter and Smyth* observed severe 
injury including considerable necrosis when 
liquid propylene oxide was applied to the 
eyes of rabbits. McLaughlin listed three 
cases of human corneal burns following eye 
contact with propylene oxide; the eyes 
healed promptly within 48 hours after treat- 
ment by a denuding technique. 

Smyth and Carpenter * reported that the 
inhalation of 4000 ppm of propylene oxide 
vapor for four hours was lethal to rats. 
Jacobson, Feinsilver, and Hackley * furnished 
some acute vapor toxicity data on labora- 
tory animals and indicated that the odor 
of propylene oxide at 200 ppm was described 
as somewhat sour by human subjects. They 
pointed out that the odor of the material 
would provide some warning of the presence 
of acutely toxic vapor concentrations. 

Accepted for publication July 20, 1955. 

From the Biochemical Research Department, 
The Dow Chemical Company. 

* Jacobson, K. H.; Feinsilver, L., and Hackley, 
E. B.: Acute Toxicity of Inhaled Ethylene Oxide 
and Propylene Oxide Vapors, read before the 
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Extensive information on the preparation, 
properties, reactions, and applications of 
propylene oxide may be found in an American 
Chemical Society edited by 
Curme and Johnston® in 1952. Propylene 


monograph 


oxide reacts with compounds having a labile 
hydrogen to yield a substituted propanol. 
This chemical intermediate is used in the 
production of propylene glycol, polypropylene 
glycols, surface-active agents, petroleum de- 
emulsifiers, and gasoline additives. It is 
also used as a low-boiling point solvent,® 
fumigant for foods, soil-sterilizing agent,t 
and herbicide.§ The material is effective in 
killing insects '* and micro-organisms. || 

The mode of toxic action of propylene 
oxide has not been established. Fraenkel- 
Conrat '* reported that this compound re- 
acts readily with crystalline egg albumen 
and -lactoglobulin in aqueous solution at 
room temperature. The labile hydrogen 
atoms of the free carboxyl, phenolic, primary 
amino, and sulfhydryl groups of the protein 
structure were replaced by hydroxypropyl 
groups. Some authors { have theorized that 
propylene oxide may be regarded as a cyto- 
toxic alkylating agent. 


MATERIAL TESTED 


Propylene oxide is a colorless liquid having a boil- 
ing point of 35 C at 760 mm. of Hg pressure and 


+ References 6 to 8. Baerwald, F. K. (to Rosen- 
berg Bros. & Co.): Food Preservation Method, 
U. S. Patent 2,370,768, March 6, 1945. Haines, 
E. C.: Preserving Fruit Juices Such as Cider for 
Human Consumption, U. S. Patent 2,354,014, July 
18, 1944. 

t References 9 and 10. 

§ References 11 to 13. 

|| References 15 and 16. 

{ References 18 and 19 
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TOXICITY OF PROPYLENE OXIDE 

a specific gravity of 0.831 at 20/20 C. It is soluble 
in water, alcohol, and ether. The infrared absorption 
spectra of the material used in this work indicated 
a purity of essentially 100%. 


ORAL ADMINISTRATION STUDIES 
PROCEDURES 
The propylene oxide was prepared as a cold 10% 
solution in olive oil and fed by intubation to rats. 
In the repeated oral feeding studies, a fresh solution 
was prepared at the first of each week and stored at 
0 to 5 C. Analyses carried out on a cold 10% solu- 
tion of propylene oxide in olive oil on the day of 
preparation and four days later showed a high, 
nearly quantitative recovery of the material. Thus 
the appropriateness of using this solution for oral 
administration was established. 


RESULTS OF ORAL ADMINISTRATION 
OF SINGLE DOSES 

When propylene oxide was administered 
by intubation as a cold 10% solution in 
olive oil to groups of five young adult rats 
of mixed sex from the stock colony of this 
laboratory, single doses of 0.3 gm/kg. al- 
lowed survival of all animals and doses of 
1.0 gm/kg. killed all animals. All survivors 
gained weight in a normal manner during 
the postfeeding observation period of 15 
days. 


RESULTS OF REPEATED ORAL ADMINISTRATION 


Three matched groups of five young adult 
female rats each were given repeated oral 
doses by intubation of a cold 10% solution 
of propylene oxide in olive oil five times 
a week for a total of 18 doses in 24 days. 
The dosage levels of the test material used 
were 0.1, 0.2, and 0.3 gm/kg. Another 
matched group of five female rats was fed 
a similar quantity of cold olive oil alone and 
served as a control group for the experi- 
ment. 

All animals were autopsied at the end of 
the experimental period. There were no 
deaths. A slight loss of body weight, gastric 
irritation, and slight liver damage were 
found in the rats maintained on the high 
dosage level of 0.3 gm/kg. of propylene 
oxide. The groups of female rats receiving 
0.2 and 0.1 gm/kg. of propylene oxide 
showed no evidence whatsoever of adverse 


effects as judged by growth, hematology, 
blood urea N determinations, organ weights, 
and gross and microscopic examination of 
the tissues. 
SKIN 


CON TACT-——RABBITS 


Small pads of cotton were moistened with undi- 
luted propylene oxide and with 20% and 10% 
aqueous solutions of propylene oxide, respectively, 
and applied to the intact shaved abdominal skin of 
immobilized rabbits under a saran plastic cover for 
periods of time ranging from 1 to 60 minutes. The 
animals were observed for six to seven days follow- 
ing exposure. 


Hyperemia and edema resulted from all 
preparations studied when the duration of 
skin contact was six minutes or longer. The 
severer exposures resulted in scar forma- 
tion. The intensity of response was propor- 
tional to the length of exposure time, and 
there was evidence to indicate that the 20% 
and 10% aqueous solutions of propylene 
oxide were more irritating than the un- 
diluted material. 


VAPOR INHALATION STUDIES 
PROCEDURES 


The source, feeding, selection, and handling of the 
animals used in the vapor inhalation experiments 
and the apparatus and techniques employed in carry- 
ing out these studies were essentially the same as 
those previously described 2° by this laboratory. The 
pumphouses were held at temperatures of 10 to 
15 C by refrigeration, because this procedure facili- 
tated the pumping of liquid propylene oxide to the 
point of vaporization. 

In the repeated vapor inhalation studies, similar 
control groups were used, well matched with the 
experimental animals in respect to number, age, 
sex, and body weight. Routinely, these animals 
were exposed seven hours daily, five days a week. 
All survivors were killed on the day following the 
termination of the exposure period; their organs 
were weighed promptly, and their tissues were 
examined grossly and microscopically. 

The Fisher t-test 2! was employed in comparing 
the mean values of the final body weights and organ 
weights obtained on the propylene oxide-exposed 
groups with those obtained on the control groups. 
Probability (P) values of less than 0.05 were in- 
terpreted as indicating a significant difference. 

Hollingsworth and Waling 22 recently recorded 
their experience in the use of Lubatti’s 2* analytical 
method for determining ethylene oxide. Since the 
application of this method to the determination of 
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propylene oxide was straightforward, it was used 
routinely to check all vapor concentrations. The 
procedure involves drawing samples of the chamber 
atmosphere at a constant rate of one liter per minute 
through a fritted glass absorber containing dilute 
sulfuric acid which was nearly saturated with mag- 
nesium bromide. The excess acid was titrated with 
standard sodium hydroxide solution using a methyl 
orange-xylene cyanole indicator, and the quantity of 
propylene oxide equivalent to the amount of sulfuric 
acid consumed was calculated. 


RESULTS OF ANALYSES 


In expressing the results of the single 
vapor inhalation exposures, the calculated 
vapor concentrations are indicated. For the 
repeated vapor inhalation exposures, the 
average vapor concentrations by analysis 
are specified. A smaller number of samples 
were obtained throughout the course of the 
acute vapor toxicity work. 

During all these vapor inhalation studies 
on propylene oxide, the concentrations de- 
termined by analysis varied between 64% 
and 110% of the calculated concentrations. 
There were very few values found at the 
extremes of this percentage range. Analytical 
concentrations were corrected for 96.4% 
average efficiency of absorption of propylene 
oxide in the absorber used. It was com- 
puted that the analytical concentration was 
87% of the theoretical concentration on the 
average for all concentrations employed. The 
range of the analyzed concentrations is 
believed to result from the combined prob- 
lems of maintaining, sampling, and analyzing 
vapor concentrations of a material which is 
highly reactive and readily soluble. 

RESULTS OF SINGLE EXPOSURES 

Mortality —The total number of female 
rats and guinea pigs used and the number 
that died from each exposure are listed in 
Tables 1 and 2, respectively. From these 
data, the minimum intensities of exposure 
killing all and the maximum intensities of 
exposure killing none of the rats and guinea 
pigs were plotted in Charts 1 and 2, respec- 
tively. The lines AB and CD on Charts 1 
and 2 were located by inspection to fit the 
points 
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TasLe 1—Mortality of Female Rats Exposed to 


Various Concentrations of Propylene Oxide 
Vapor for Single Periods 


Rats 

Vapor Concentration Period of — —- — 
Exposure, Total No. That 

Ppm Mg./L. Hr. No. Died 

16,000 38.0 0.50 10 10 

0.25 1 0 

8,000 19.0 2.0 10 10 

1.0 10 5 

0.50 10 2 

0.25 10 0 

4,000 9.5 7.0 10 10 

4.0 10 4 

2.0 10 q 

1.0 5 0 

2,000 4.7 7.9 10 0 
TasLtE 2.—Mortality of Female Guinea Pigs 


Exposed to Various Concentrations of Propylene 
Oxide Vapor for Single Periods 


Guinea Pigs 
Period of — 


Vapor Concentration - 
No. That 


- -— Exposure, No. 
Ppm Mg./L. Hr. Exposed Died 
16,000 38.0 1.0 5 5 
0.5 5 0 
8,000 19.0 4.0 10 10 
2.0 5 1 
1.0 10 0 
4,000 9.5 7.0 5 2 
4.0 ) 1 
2.0 5 0 
2,000 4.7 7.0 5 0 
50,000 
= 
a 
a 
2 
2 
© 10,000 
a 
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5 5,000 - 
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aan 
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DURATION OF EXPOSURE IN HOURS 


Chart 1—Acute vapor toxicity of propylene oxide 
for female rats. Line AB represents minimum in- 
tensities of single exposures killing all the rats. Line 
CD represents maximum intensities of single ex- 
posures killing none of the rats. Line EF represents 
maximum intensities of single exposures without 


organic injury. Points indicated by X designate 
intensities of single exposures causing partial 
mortality. 
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Gross Response-——During the exposures 
the rats and guinea pigs exhibited eye irri- 
tation, nasal irritation, difficulty in breath- 
ing, drowsiness, weakness, and occasionally 
some incoordination. The amount and extent 
of the observed symptomatology were de- 
pendent on the concentration and the duration 
of exposure. The survivors generally suf- 
fered temporary weight losses but recovered 
satisfactorily within 14 days after termina- 
tion of the exposure. Most of the deaths 
occurred during the time the animals were 
in the chamber or within 24 hours after their 
removal. Respiratory difficulty which was 
typified by wheezing was observed in some 
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Chart 2.—Acute vapor toxicity of propylene oxide 
for female guinea pigs. Line AB represents mini- 
mum intensities of single exposures killing all the 
guinea pigs. Line CD represents maximum intensi- 
ties of single exposures killing none of the guinea 
pigs. Points indicated by X designate intensities of 
single exposures causing partial mortality. 


of the surviving rats for a number of days 
following their exposure; three of the rats 
showing positive signs of the respiratory 
difficulty developed pneumonia as revealed 
by gross examination at autopsy. No linger- 
ing respiratory trouble was noted in the 
guinea pigs. 

Single Exposures Having No Adverse 
E ffect-—Special matched groups of five 
young adult female rats each were given 
single exposures to high concentrations of 
propylene oxide vapor for periods of time 
less than those allowing survival of all ani- 


mals. Similar groups of rats were used as 
unexposed controls. The animals were 
starved overnight, killed by decapitation, and 
examined for evidence of organic injury 
on the day following their exposure. As 
judged by organ weight data and gross and 
microscopic examination of the tissues of 
the rats, the following exposures did not 
produce organic injury, namely, 4000 ppm 
for half an hour, 2000 ppm for two hours, 
and 1000 ppm for seven hours. The points 
representing these data were plotted on 
Chart 1, and the line EF was drawn to 
represent maximum intensities of single ex- 
posure without organic injury. 


RESULTS OF REPEATED SEVEN-HOUR 
EXPOSURES 

Concentration: 457 Ppm (1.08 Mg. per 
Liter) —Groups of six rats and six guinea 
pigs of each sex received 11 to 13 exposures 
in 15 to 17 days. The only positive finding 
was a very slight depression in growth of 
the guinea pigs. Mortality, organ weight, 
and histopathological data were negative. 

Additional groups of five rats, five guinea 
pigs, and one rabbit of each sex received 
25 to 27 exposures in 37 to 39 days. A 
moderate depression in the growth of guinea 
pigs and a very slight depression in the 
growth of rats were observed. The only 
other positive findings were moderate alveo- 
lar hemorrhage and edema, together with 
interstitial edema and congestion of the 
lungs of the rats and male guinea pigs, as 
revealed by microscopic examination of the 
tissues of the animals. Mortality and organ 
weight data were negative. No significant 
histopathology was noted in the rabbits and 
the female guinea pigs. 

After completion of the pilot studies, more 
extensive work was undertaken. Groups of 
10 rats, 8 guinea pigs, and 1 rabbit of each 
sex plus 1 female monkey were given re- 
peated seven-hour exposures to 457 ppm 
of propylene oxide vapor. Male rats re- 
ceived 79 exposures in 112 days; female 
rats received 138 exposures in 198 days. 
Guinea pigs were given 110 exposures in 
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Conc., Rats, Exposures, Days, Body  - 

‘ Ppm Sex No. No. No. Gm. Lungs Liver Kidneys Testes 
i Controls* M 7 79 112 314 0.67 2.18 0.63 O91 
F 457 M 5 79 112 o58t 0.64 2.34 0.65 1.02 


Controls* F 13 138 198 
457 
Controls* M 13 138 198 


195 M 16 138 198 
1” 


Controls* F 13 138 198 
195 F 17 138 198 
102 F 4 138 198 


* Air-exposed controls. 
+P = 0.06. 


Hour Exposures to P 


Controls* F 8 110 157 
457 F 8 110 157 


Controls* M s 128 183 
195 M 8 128 183 
1m M 8 128 183 


Controls* F 7 128 183 
195 F 8 128 183 
102 F s 128 183 


* Air-exposed controls. 
P = 0.003-0.004. 
§P = 0.08. 
P = 0.07. 
157 days. The rabbits and monkey were sub- 
jected to 154 exposures in 218 days. 

Eye irritation and irritation of the re- 
spiratory passages were noted in the rats 
and guinea pigs. Pronounced increased mor- 
tality was observed in the rats due to pneu- 
monia. A very slight questionable depres- 
sion of the growth of male rats occurred. 
The growth of the guinea pigs was slightly 
depressed. Final average body and organ 
weight data for rats and guinea pigs are 
furnished in Tables 3 and 4, respectively. 
An increase in the average weight of the 
lungs of guinea pigs exposed repeatedly to 
457 ppm of propylene oxide vapor was noted. 

Microscopic examination of the tissues 
of the animals revealed slight alveolar hemor- 
rhage and edema, together with slight to 
moderate interstitial edema and congestion 
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Taste 3.—Final Average Body and Organ Weights from Rats That Received Repeated Seven-Hour 
Exposures to Propylene Oxide Vapor 


Vapor Final Ave. Average Organ Weights (Gm./100 Gm. Body Wt.) 


Taste 4.—Final Average Body and Organ Weights from Guinea Pigs That Received Repeated Seven- 
ropylene Oxide Il’apor 


Vapor Guinea Final Ave. Average Organ Weights (Gm./100 Gm. Body Wt.) 
Conc., Pigs, Exposures, Days, Body Wt., - 
Ppm Sex No. No. No. Gm. Lungs Liver Kidneys Testes 
Controls* M 8 110 157 892 0.60 3.34 0.70 0.4 
457 M 8 110 157 801 || 0.698 3.29 0.70 0.52 


+ Control values ordinarily range up to 0.80. P = <0.001. 
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208 0.73 0.75 


0.80 


340 0.61 2.24 O04 O.S9 
345 0.62 2.15 0.61 0.80 
0.60 


208 0.73 2.50 0.75 
209 O77 2.42 0.73 
208 0.75 2.47 0.73 


911 0.64 3.58 0.70 
806} 0.803 3.40 0.71 


807 0.71 2.87 0.76 0.50 
822 0.71 3.07 0.76 0.55 
753 0.69 2.97 0.74 0,52 


S46 0.60 3.15 0.67 
773} 3.21 0.70 
796 0.70 3.09 0.67 


of the lungs of the female guinea pigs and 
slight fatty degeneration of the liver of the 
male guinea pigs. There were no other posi- 
tive findings. Repeated seven-hour exposures 
to 457 ppm of propylene oxide vapor were 
without adverse effect on the rabbits and 
monkey as judged by general appearance 
and behavior, mortality, growth, final body 
and organ weights, and gross and micro- 
scopic examination of the tissues. 
Concentration: 195 Ppm (046 Mg. per 
Liter ).—Groups of six rats and six guinea 
pigs of each sex received 11 to 14 exposures 
in 15 to 18 days. Examination of growth, 
mortality, organ weight, and histopathologi- 
cal data revealed that these repeated expo- 
sures did not cause any adverse effects. 
After the short-term experiment, a chronic 
study was carried out. Groups of 20 rats, 
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8 guinea pigs, and 2 rabbits of each sex plus 
2 female monkeys were given repeated seven- 
hour exposures to 195 ppm of propylene 
oxide vapor. Rats were subjected to 138 
exposures in 198 days. Guinea pigs were 
given 128 exposures in 183 days. Rabbits 
and monkeys received 154 exposures in 218 
days. Observations on general appearance, 
behavior, mortality, growth, final body 
weights, and gross and microscopic examina- 
tion of the tissues yielded no evidence of 
adverse effect in any of the species studied. 
The average weights of the lungs, liver, kid- 
neys, and testes were within normal limits 
except possibly for the lungs of the female 
guinea pigs (Tables 3 and 4). The signif- 
icance of this “apparent” increase in lung 
weight is somewhat clouded, because average 
values for control groups of female guinea 
pigs from our colony usually range up to 
0.80 gm /100 gm. of body weight, whereas 
in this experiment the control value was 
0.60 gm /100 gm. of body weight. 

A primary effect of propylene oxide vapor 
is its irritant effect upon the lungs, and even 
though no lung pathology was found, per- 
haps the “apparent” increase in lung weight 
of experimental female guinea pigs should 
not be completely discounted ; therefore, we 
choose to give limited consideration to this 
isolated finding in evaluating the hygienic 
significance of repeated inhalation of pro- 
pylene oxide vapor in industry. 

Concentration: 102 Ppm (0.24 Mg. per 
Liter ).—The studies conducted at this con- 
centration were the same as those carried 
out at the higher concentration of 195 ppm. 
Rats, guinea pigs, rabbits, and monkeys that 
received repeated seven-hour exposures to 
102 ppm of propylene oxide vapor did not 
show any evidence of adverse effect when 
judged by the same criteria (Tables 3 and 4). 


COM MENTS 
The philosophy of the standards of indus- 
trial hygiene has been discussed in an earlier 
article ** from this laboratory. Estimated 
maximum values suggested to aid the indus- 
trial hygienist in the evaluation and control 


of single exposures of human subjects to 
propylene oxide vapor are the following: 
1000 ppm is probably safe for infrequent 
(perhaps not more than once a week) single 
exposures of up to one hour duration; 500 
ppm is probably safe for infrequent single 
exposures of up to seven hours’ duration. 


Based upon the results of the repeated 
vapor inhalation experiments on laboratory 
animals reported herein, it is our opinion 
that in instances where exposures are pro- 
longed and repeated (eight hours per day, 
five days a week) the vapor concentration 
of propylene oxide should be maintained 
below 150 ppm. 

A comparison of propylene oxide and 
ethylene oxide from the toxicological view- 
point is facilitated by a concurrent paper *° 
on the latter material. 

PRACTICAL CONSIDERATIONS 
AND USE 
GENERAL CONSIDERATIONS 


IN HANDLING 


The safe handling and use of propylene 
oxide require an appreciation of the prac- 
tical significance of the toxic properties 
previously described. These properties do 
not present serious problems in the known 
uses of this product; the observance of 
simple precautions readily permits safe han- 
dling and use. 


Since propylene oxide has a moderate acute 
oral toxicity and since it is highly volatile, 
there is little likelihood of accidentally swal- 
lowing enough of the material to cause illness. 
Deliberate swallowing of solutions in ap- 
preciable amounts could lead, of course, to 
serious effects. There is a definite possibility 
of skin and eye irritation resulting from ex- 
posure to the undiluted liquid and to solu- 
tions. Eye irritation may also result from 
exposure to vapors, but skin irritations from 
such exposures seem unlikely. 


There is a definite hazard from inhalation 
of propylene oxide vapor. High concentra- 
tions are likely to produce irritation of the 
respiratory passages, lungs, and eyes. The 
possibility of injury to other organs appears 
to be slight. 
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PRECAUTIONS FOR SAFE HANDLING 


As a tule, large quantities of propylene 
oxide should be handled in a closed system 
or with special provision to control vapors. 
Although small amounts can be handled and 
used safely in the manner customarily em- 
ployed with many volatile solvents, such as 
trichloroethylene, perchloroethylene, petro- 
leum naphthas, and lacquer solvents (esters, 
ketones), for regular daily operations vapor 
concentrations in the workspace should be 
kept below 150 ppm. In accidental situations 
at least a full-face gas mask with black 
canister for organic vapors should be worn. 
Propylene oxide is quite volatile, so that 
vapor concentrations exceeding 2% may 
readily occur in confined spaces. In such 
locations, and where an oxygen deficiency 
might exist, an air-supplied mask or self- 
contained breathing appartus should be used. 

Whenever there is a possibility of liquid 
propylene oxide or its solutions contacting 
the person, the eyes should be protected, 
preferably by means of safety goggles with 
side-shields. Protective garments of rubber 
appear best for preventing direct contact 
with liquid material. Even rubber, however, 
deteriorates under the action of propylene 
oxide and must be checked carefully dur- 
ing use. 

Wuat To Do ror ExposuREs 


Persons showing evidence of excessive 
vapor exposure should be removed from 
exposure at once. Those showing appreciable 
effects or symptoms persisting for more 
than a few minutes should receive medical 
care, and they should be placed under medi- 
cal observation until the physician is certain 
no lung injury has developed (for 24 to 
48 hours). 

If the eyes are contaminated with propyl- 
ene oxide or its solutions, they should be 
washed thoroughly for about 15 minutes with 
flowing water, and then they should be treated 
by a physician without delay. 

If liquid material contacts the person, con- 
taminated shoes and clothing should be re- 
moved promptly, and the skin should be 
washed with water. Contaminated garments 
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should not be worn until all the material has 
evaporated or has been washed away. Any 


local injury should be treated by a physician. 


OTHER CONSIDERATIONS 

Insofar as the hazards due to flammability 
and the mechanical problems associated with 
the safe handling of propylene oxide are con- 
cerned, they do not differ very greatly from 
those associated with the handling of ethylene 
oxide. It is suggested that the Manufacturing 
Chemists’ Association *® Chemical Safety 
Data Sheet SD-38, entitled “Properties and 
Essential Information for Safe Handling and 
Use of Ethylene Oxide,” be consulted and 
that similar methods be employed in the han- 
dling of propylene oxide. 

The handling hazards of propylene oxide 
which are closely related to the toxicological 
properties of the material are similar in char- 
acter to those of ethylene oxide, but propylene 
oxide appears to be only about one-third as 
toxic as ethylene oxide by inhalation and in- 
gestion for all animal species studied. Pro- 
pylene oxide and ethylene oxide and strong 
aqueous solutions of these respective ma- 
terials seem to have comparable effects upon 
the eyes and skin of rabbits. 


SUMMARY AND CONCLUSIONS 


A review of the toxicological literature on 
propylene oxide is presented. 

The subject material has a moderate oral 
toxicity for rats whether given in single or 
repeated doses. A single oral dose of 0.3 
gm/kg. allowed the survival of all animals 
fed. Repeated oral doses of 0.2 gm/kg. of 
propylene oxide given daily, 5 days a week, 
for a period of 24 days produced no toxic 
effect in rats. 

When undiluted liquid propylene oxide 
or strong aqueous solutions of the material 
were confined to the skin of rabbits for 1 to 60 
minutes, more or less serious effects were ob- 
served when the duration of exposure was 6 
minutes or longer. 

Results of analyses for propylene oxide va- 
por are presented and discussed. 

Irritation of the respiratory passages, eye 
irritation, and loss of weight were noted 
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when rats and guinea pigs were exposed once 
or repeatedly to high concentrations of propyl- 
ene oxide vapor for various periods of time. 
The lung irritation tended to persist for a 
number of days in some of the rats, and sec- 
ondary respiratery infection caused the 
deaths of an appreciable number of rats in 
these circumstances. Organic injury to the 
internal organs, other than the lungs, ap- 
peared to be insignificant as shown by organ 
weight data and gross and microscopic ex- 
amination of the tissues of the animals. Pro- 
pylene oxide has a relatively weak anesthetic 
action. 

Single exposures of rats to propylene 
oxide vapor which did not produce organic 
injury were the following: 4000 ppm for 
half an hour; 2000 ppm for two hours, and 
1000 ppm for seven hours. 

For single infrequent exposures to pro- 
pylene oxide vapor, estimated maximum val- 
ues which are suggested to be probably safe 
for human subjects are the following: 1000 
ppm for up to one hour and 500 ppm for up 
to seven hours. 

Rats, guinea pigs, rabbits, and monkeys 
were subjected to repeated seven-hour ex- 
posures to propylene oxide vapor, five days 
a week, for six to seven months. Rabbits 
and monkeys, but not rats and guinea pigs, 
tolerated 457 ppm without adverse effects. 
Rats, rabbits, monkeys, and male guinea pigs 
tolerated 195 ppm without adverse effects ; 
an apparent increase in the average weight 
of the lungs of female guinea pigs was 
noted at this concentration, and its possible 
significance was considered. All four animal 
species tolerated 102 ppm without adverse 
effects. 

An industrial hygiene standard of 150 ppm 
is suggested for propylene oxide. 

Practical considerations in handling and 
use of the subject material are given. 

Propylene oxide appears to be about one- 
third as toxic as ethylene oxide by inhala- 
tion and ingestion for all animal species 
studied. The two materials are similar in 
their effects upon the eyes and skin of 
rabbits. 
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Ethylene oxide and propylene oxide are 
compounds of increasing toxicological inter- 
est because of their ever-multiplying uses in 
chemical syntheses, fumigation, and steriliza- 
tion. This report describes the effects oi 
exposures of experimental animals to these 
vapors, with implications of similar effects 
in man, together with studies of the odor 
detection of these vapors. 

Ethylene oxide has been described as an 
irritant at relatively low concentrations and 
a vesicant at high concentrations.' Waite, 
Patty, and Yant * studied the effects of acute 
exposures of guinea pigs to ethylene oxide 
and reported that the vapor irritated the 
lungs, respiratory passages, nose, and eyes. 
At concentrations of 0.3 to 8.5 vol. %, they 
noted eye and nasal irritation and labored 
breathing, but only the former signs were 
seen at concentrations of 0.13 to 0.06 vol. %. 
No clinical signs were seen during an eight- 
hour exposure to 0.025% (250 ppm). They 
reported that gross pathological changes were 
those associated with marked respiratory ir- 
ritation. Walker and Greeson* also noted 
irritant effects in animals exposed to a con- 
centration of 1: 80, and they attributed death 
to paralysis of the respiratory center before 


Received for publication Oct. 3, 1955. 
From the Chemical Corps Medical Laboratories. 


Toxicity of Gbaled Ethylene Ovide 
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Acute and Chronic Toxicity of Ethylene Oxide and Acute Toxicity of Propylene Oxide 


the lung condition became fatal. Four hu- 
man subjects exposed to a vapor concentra- 
tion of 1:400 described the odor as not 
unpleasant acetic-acid-like; this concentra- 
tion was slightly irritating to the nasal mu- 
cosa. There was a definite irritant effect at 
a concentration of 1 : 80. 

Little work seems to have been done on 
the chronic toxicity of ethylene oxide vapor. 
Patty ' reviewed the work of Koelsch and 
Lederer * and concluded that repeated expo- 
sure to ethylene oxide vapor has an additive 
effect. Cook® stated: “With lack of long- 
time animal experiments and no published 
data on prolonged exposures of the workers 
at known concentrations, a value of 100 ppm 
|for the MAC of ethylene oxide] is arbi- 
trarily suggested. Where workers are ex- 
posed to concentrations in the vicinity of 
this value, they should be under medical 
observation.” The threshold limit value 
(MAC) accepted by the American Confer- 
ence of Governmental Industrial Hygienists ° 
is 100 ppm. 

Liquid ethylene oxide appears to be non- 
toxic to human skin, boiling off and causing 
neither scars nor signs of irritation.* How- 
ever, cutaneous exposure of men to aqueous 
solutions of ethylene oxide results in burns 
with bleb formation * as well as skin sensiti- 
zation.* Phillips,® in a footnote to an article 
on the use of ethylene oxide, reported cases 
of burns resulting from the wearing of rubber 
shoes which had been sterilized with the 
vapor. 


* References 7 and 8. 
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Few vapor toxicity studies of propylene 
oxide have been carried out. Smyth and Car- 
penter *° exposed six rats for four hours to 
4000 ppm, and all died. The oral and ocular 
toxicities have also been described.t 


METHODS 

Ethylene oxide was obtained in cylinders from 
the Matheson Company, East Rutherford, N. J. It 
is a gas at ordinary temperatures, boiling at 10.7 C. 
Ethylene oxide-air concentrations were established 
and maintained in the exposure chambers by pass- 
ing the gas at a controlled rate through a flowmeter 
into a mixing bowl, where it was diluted with room 
air, and thence into the gassing chamber. Constant- 
flow gassing chambers of 0.4 m.® capacity were 
used for acute exposures of rodents; similar cham- 
bers of 0.7 m.* capacity were used for acute expo- 
sures of dogs, for all subacute and chronic 
exposures, and for establishing concentrations used in 
ethylene oxide odor tests. Ethylene oxide atmos- 
pheres were sampled by drawing chamber air 
through a series of three Vigreaux-type bubblers, 
the first two containing 25 ml. of 0.1 N HCl con- 
taining 60% CaCl. and the third containing water 
to trap any volatilized acid. The CaCl-HCl solu- 
tion was prepared by dissolving 80 gm. of CaCl. * 2 
H.O in 10 ml. of 1.0 N HCl and enough water to 
make 100 ml. of solution that was 0.1 N with re- 
spect to HCI; the solution was then cooled and 
filtered. In the case of chronic exposures at 100 
ppm, the normality of the HCI was 0.05 to increase 
the precision of analysis. The HCl in the bubblers 
that had not reacted with the ethylene oxide was 
titrated with standard NaOH solution, and the 
chamber concentrations were then calculated. This 
analytical method is an adaptation for vapor samp- 
ling and analysis of a method previously described.t 
Chamber concentrations were occasionally checked 
by a similar method in which samples were col- 
lected in a 50% solution of MgBrz in 0.1 N H.SO,.® 
Results obtained by these two procedures were sub- 
stantially identical. 

Female white mice, male white rats, and male 
beagle dogs were used in the study of the toxicity 
of ethylene oxide. In acute studies, animals were 
subjected to single four-hour exposures at various 
concentrations. Ten of each species of rodents and 
three dogs were exposed (at each of several con- 
centrations) and observed for toxic signs and death. 
L. C.so values were estimated from deaths occurring 
during exposure and within 14 days thereafter; the 
Bliss-Finney method 1° of estimating these values 
was used for rodents, and the Thompson-Weil 


+ References 10 to 12. 
t References 13 and 14. 
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method § for dogs. Additional rodents were simi- 
larly exposed for pathologic studies and compared 
with an equal number of controls. Such studies on 
dogs were made shortly after death or after a 
14-day observation period in the case of survivors. 
In_repeated exposures, 20 rats and 30 mice were 
exposed six hours a day, five days a week for 6 to 
26 weeks, and observed for development of toxic 
signs and death. An equal number of rodents was 
used as controls. Median survival times were esti- 
mated by the Litchfield time-per cent effect meth- 
od.!8 Additional groups of rodents were exposed 
for periodic killing; 15 rats and 15 mice were 
exposed in the six-week (subacute) study, and 60 
of each in the study, for 
investigation of pathologic changes. Five of each 
species were killed every other week until deaths 
reduced the number to less than five. A few con- 
trols were also held for occasional autopsy and 
comparison with exposed rodents. Three dogs were 


six-month (chronic) 


exposed in the subacute test and compared with 
two controls; another three dogs were exposed in 
the chronic test and compared with three controls. 
Dogs were killed, where indicated, at the end of 
the series of repeated exposures. 

Blood counts were performed on dogs subjected 
to ethylene oxide for either single or repeated 
exposures. Counts were made prior to exposure, 
so that each dog served as its own control; addi- 
tional comparisons were made with the counts of 
unexposed controls, Dogs repeatedly exposed were 
also examined for changes in the blood with respect 
calcium,!” _urea,?° Bilirubin 
values were estimated as icteric indices 22 in the 
case of dogs subjected to the six-week (subacute) 


test. 


to and bilirubin.?! 


The Fair-Wells osmoscope was used, following 
previously described procedures,|| in a study of the 
detectability of the vapor by odor. Sixteen human 
volunteers participated. Median detectable concen- 
trations were computed by the time-per cent effect 
method of Litchfield.'§ 

Substantially similar procedures were used in 
the work with propylene oxide, with exceptions as 
noted below. Propylene oxide-1,2, a volatile liquid 
boiling at 35 C, was obtained from the Eastman 
Kodak Co. The vapor was dispersed by passing 
nitrogen at a fixed rate through the liquid, main- 
tained at a temperature of 0 C. Constant-flow 
gassing chambers of 0.4 m.° capacity were used 
for animal exposures as well as for establishing 
concentrations for odor tests. Atmospheres were 
sampled by drawing chamber air through a series 
of Vigreaux-type bubblers, the first containing 25 
ml. of a solution of CaCl, - 2 in 0.1 N HCl (80 
gm. of CaCle-2 H:O, dissolved in 100 ml. ,of 0.1 


§ References 16 and 17. 
|| References 23 and 24. 
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N HCI, cooled, filtered, and standardized with 0.1 
N NaOH) and the second containing water to trap 
any acid. Male white mice, male white rats, and 
male beagle dogs were used in these acute ex- 
posures. Fourteen human volunteers were used in 
the study of odor detection. 


RESULTS 

1. Acute Exposures to Ethylene Oxide.— 
Rats subjected to single four-hour exposures 
of ethylene oxide showed the following clini- 
cal signs of intoxication: frequent movement 
and preening ; a clear nasal discharge ; lacri- 
mation ; diarrhea; gasping, and occasionally 
salivation. Gasping, once started, increased 
in intensity during exposure. The L. C. 50 


Taste 1—Mortality in Rats, Mice, and Dogs 
Exposed for Four Hours to Ethylene Oxide 
Vapor at Various Concentrations 


AND 


PROPYLENE OXIDES 

was estimated to be 1460 ppm (2630 mg/ 
m.*). Similar signs were observed in mice, 
except that diarrhea was not noted. Gasping, 
followed by severer labored breathing and 
death, was the outstanding sign at the high- 
est concentrations. The L.C.59 for mice 
exposed four hours was 835 ppm (1504 mg/ 
m.*). Dogs exposed to 2800 ppm for four 
hours showed lacrimation, clear nasal dis- 
charge, salivation, vomiting of a frothy, color- 
less (occasionally yellow) mucus, diarrhea, 
convulsions with labored breathing, followed 
by death. Dogs exposed to 1400 ppm showed 
similar signs except for diarrhea, convulsions, 
and observable changes in respiration. Dogs 
exposed to lower concentrations showed no 
toxic signs. The L.C. 59 for dogs was esti- 
mated to be 960 ppm (1730 mg/m.*). No 
significant changes in RBC, WBC, differen- 
tial count, sedimentation rate, hemoglobin, 


Days, or hematocrit were found. Deaths in experi- 
Ppm Mg./M.* Mortality per Cent 
é tox mental animals exposed to various concen- 
2,298 4,140 3/10 Ist hr., 9/10 Ist day, 100 trations are shown in Table 1. Table 2 shows 
10/10 2d day 
1,992 3,590 5/10 2d hr., 9/10 Ist day, 100 the statistical summary ot these data. 
10/10 4th day cos 
1.848 3,320 6/10 Ist day, 9/10 24 day 90 Postmortem examination § of rats exposed 
1,648 2,970 2 10 ist day, 3/10 2d day, 40 to ethylene oxide showed a moderate conges- 
4/10 4th day 
1343 2490 ~—«'1/10 9 day, 2/10 10th day 20 tion and petechial hemorrhages in the trach- 
9th day, 2/10 4th day eal mucosa. The maximal pulmonary lesions 
II. Mice seen at any time consisted of a very minor 
1,365 2,460 2/10 on removal, 3/10 2d hr., 100 
10/10 Ist day degree of patchy scattered edema, sometimes 
1,343 2,420 4/10 on removal, 7/10 Ist 100 = 
dag, 30 dad, involving the peribronchial zones. The great- 
day est respiratory effect of ; 
spire ect of the agen 
960 1,730 ~—«'1/10 Ist br., 5/10 Ist day, 70 rats 
6/10 9th day, 7/10 12th day appeared to be that due to simple irritation 
882 1,59 2/10 1st day, 3/10 2d day 30 —— 
860 1,550 3/10 2d hr., 6/10 Ist day 60 
ose 1/10 18th day 10 s tem examut ations and 
a of pathological changes described in this report 
were m ade by Dr. J. R. M. Innes, Capts. Max Col- 
1,303 2,510 8/3 Ist day 100 ton (VC) and Arthur McAdams (MC), and Mr. 
710 1,280 0/3 14 days 0 Paul Yevich, of the Chemical Corps Medical Lab- 
327 590 0/3 14 days 0 


oratories. 


TABLE 2.—Statistical Summary of Mortality in Animals Exposed Four Hours to Ethylene Oxide 
or Propylene Oxide Vapor and Observed for Fourteen Days 


L.C.50 Standard 
- 95% Confidence Error 

Agent Species Ppm Mg./M.° Limits, Ppm Slope of Slope 
Ethylene oxide M Rats 1,460 2,630 620-2,550 68 3.4 
F Mice 835 1,504 623-1,040 8.0 2.2 
M Dogs 960 1,730 
Propylene oxide M Rats 4,000 9,486 3,550-4,470 11.5 2.9 

M Mice 1,740 4,126 1,380-2,120 4.6 


M Dogs . * * * * 


* The data did not permit calculation of these values. 
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in the upper respiratory passages. The pres- 
ence of secretion around the eyes and nose 
attested to the irritant properties of the gas 
on these organs. Pathological effects noted 
in dogs included moderate congestion in the 
lungs and dilatation of perivascular lymphatic 
spaces. There was some perivascular edema, 
but there were no remarkable changes in 
other organs or tissues. A constant finding 
in all species was a gross distention of the 
stomach. 


Taste 3.—Mortality in Rats, Mice, and Dogs 
Exposed for Four Hours to Propylene Oxide 
Vapor at Various Concentrations 


Concentration Mortality 
— 14 Days, 
Ppm  Mg./M,* Mortality Per Cent 
I. Rats 
5,254 12,450 4/10 Ist hr., 7/10 Ist day, 90 
8/10 5th day, 9/10 6th day 
4,490 10,640 3/10 Ist day, 6/10 2d day, 70 
7/10 5th day 
3,448 8,170 1/10 Ist hr., 2/10 Ist day, 30 
3/10 38d day 
2,684 6,360 0/10 14th day 0 
1,329 3,150 0/10 14th day 0 
945 2,240 0/10 14th day 0 
II. Mice 
5,254 12,450 8/10 Ist hr., 9/10 Ist day 90 
4,490 10,640 9/10 Ist hr., 10/10 2d day 100 
3,448 8,170 10/10 Ist hr. 100 
2,684 6,360 7/10 1st hr., 8/10 6th day, % 
9/10 13th day 
1,755 4,160 4/10 Ist hr., 5/10 3d day wD 
1,329 3,150 1/10 Ist day 10 
O45 2,240 1/11 Ist hr., 2/11 1st day 18 
Ill. Dogs 
2,481 5,880 2/3 on removal, 3/3 1st hr." 100 
2,030 4,810 1/3 Ist hr., 2/3 Ist day 67 
2,005 4,750 1/3 1st hr. 33 
1,363 3,230 0/3 14th day 0 


*Two dogs were dead on removal from the chamber. 
The third dog probably would have died soon and was 
therefore killed immediately. 


2. Acute Exposures to Propylene Oxide.— 
Rats and mice subjected to single four-hour 
exposures of propylene oxide vapor showed 
substantially the same toxic signs as the ro- 
dents exposed to ethylene oxide, except that 
diarrhea was not noted. The L. C. 59 for rats 
exposed four hours was estimated to be 4000 
ppm (9486 mg/m.*). The L. C. 59 for mice 
similarily exposed was 1740 ppm (4126 mg/ 
m.°). Dogs exposed for four hours showed 
lacrimation, salivation and nasal discharge, 
vomiting, and death. Where poisoning pro- 
gressed far enough to produce vomiting, the 
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dog usually died. Motor weakness was noted 
in at least one exposed dog at each concen- 
tration after removal from the chamber ex- 
cept at the lowest concentration (1360 ppm). 
Deaths in these experimental animals ex- 
posed to various concentrations of propylene 
oxide vapor are shown in Table 3. A statisti- 
cal summary of these data is shown in Table 
2. The response of the dogs did not permit 
calculation of an L. C. 59 value. 

Postmortem examination of rats and mice 
exposed to propylene oxide did not reveal 
any pathological effects ditferent from those 
found in control rodents except for stomach 
distention, similar to that previously men- 
tioned in connection with ethylene oxide. In 
dogs exposed to concentrations of 2030 and 
2480 ppm, marked congestion of the tracheal 
mucosa and comparable vascular phenomena 
in the lungs, together with spotty alveolar 
edema but marked perivascular and_peri- 
bronchial edema, were present. Focal areas 
of subepithelial edema in the terminal bron- 
chioles and necrobiosis of the bronchiolar 
epithelium were noted. These were the max- 
imal effects of the agent on the pulmonary 
tissue. Subpleural hemorrhage was occa- 
sionally found. Subendocardial ecchymoses 
were noted and are believed to be a secondary 
effect of the terminal anoxia. 

3. Repeated Exposures to Ethylene Oxide. 
—(a) Subacute Test (Six Weeks’ Expo- 
sure): Rats exposed to about 400 ppm # of 
ethylene oxide for six weeks showed after re- 
peated exposure a reddish nasal discharge, 
diarrhea, a tendency toward the side position 
(presumably due to weakness in the hind- 
quarters ), and labored breathing. During the 
last week or two of the exposure period the 
rats usually moved about on their front feet, 
dragging their hindquarters. There was a 
progressive weight loss in these rats, averag- 
ing from 100 to 240 gm. in rats initially 
weighing between 400 and 450 gm. There 
were no significant weight changes in con- 
trol rats. Thirteen out of twenty exposed 
rats died during the six-week period. No 
control rats died. The median survival time 


# Average concentration was 406 ppm, with a 
standard deviation of 42 ppm. 
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for the rats was 25.6 exposures, with a 95% 
confidence interval of 23.3 to 28.2. Five sur- 
viving rats, observed for several months after 
exposure, regained the lost weight and re- 
gained the use of their hindlegs. There was 
a slight weight loss in both control and ex- 
posed mice, the weight loss in exposed mice 
being somewhat greater. (The mice were 
also exposed for six weeks to 400 ppm.*) 
This difference in weight loss may not be 
significant. Twenty-four out of thirty ex- 
posed and three out of thirty control mice 
died during the period. The median survival 
time was 21.6 exposures, with a 95% con- 
fidence interval of 19.1 to 24.4. 

Of the three dogs exposed to 290 ppm,7 
one showed no toxic signs throughout the 
test. The other two showed some toxic signs, 
including vomiting, occasional slight tremors, 
and transient weakness in the hindlegs. 
There were no significant changes in body 
weights, EKG’s, blood calcium, blood urea, 
icteric index, or rectal temperatures. There 
were, however, significant hematological 
changes t in exposed dogs. In two there 
was a significant decrease in RBC, hemo- 
globin, and hematocrit. In the third there 
was a decrease (probably significant) in 
hemoglobin, with no change in RBC or hem- 
atocrit. Thus, two dogs developed a mild 
normochromic anemia, while development of 
a slight hypochromic anemia was suggested 
in the third. 

Rats and mice showed no significant path- 
ological changes except for a few cases of 
marked hemosiderosis in the spleen of a few 
rats. This occurred late in the exposure 
period. Lungs of exposed dogs showed some 
degree of congestion and focally a moderate 
amount of alveolar collapse. There was an 
abundance of fat in the Mm. semimembran- 
osus and semitendinosus, and in places bun- 
dles of fibers were squeezed and distorted out 


* Average concentration was 406 ppm, with a 
standard deviation of 42 ppm. 

+ Average concentration was 292 ppm, with a 
standard deviation of 26 ppm. 

t+ Blood counts and interpretations thereof were 
made by Capt. H. J. Wheelwright Jr. (MC) of the 
Chemical Corps Medical Laboratories. 
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of shape by large globules of fat. In other 
areas fat completely replaced the muscle fibers. 
These fatty changes are consistent with mus- 
cular atrophy, which probably accounts for 
the weakness of the hindquarters of these 
dogs and for the flabbiness of the muscles 
involved. Lung changes are presumed to be 
caused by the continuous mild irritant action 
of the vapor on the lung parenchyma. 

(b) Chronic Test (Six-Month Exposure) : 
Dogs, rats, and mice exposed for six months 
to 100 ppm § of ethylene oxide showed no 
clinical signs of toxicity. There were no 
significant weight changes in exposed mice 
or in dogs as compared with the control ani- 
mals. The weight gain in exposed rats was 
less than that of the controls, but this is prob- 
ably not a significant difference. There were 
no significant changes in rectal temperatures, 
EKG’s, blood calcium, urea, or bilirubin in 
exposed dogs as compared with control dogs. 
However, exposed dogs showed a few signifi- 
cant hematological changes. In one dog there 
were significant decreases in RBC, hemo- 
globin, and probably also hematocrit. In an- 
other there were slight decreases, probably 
not significant, in RBC, hemoglobin, and 
hematocrit. There were no changes in the 
third dog. Thus, one dog had a normochrom- 
ic anemia, and similar anemia was suggested 
but not established in another dog. Hemato- 
logical changes mentioned in subacute and 
chronic exposures are significant in both a 
biological and a statistical sense. Decreases 
of 1,000,000 or more in RBC, 2.0 gm. or 
more in hemoglobin, and 8% or more in 
hematocrit are considered significant. All 
control dogs in both series of repeated ex- 
posures were within the limits of insignificant 
change. 

Three out of twenty exposed rats and 
three out of twenty control rats died during 
the six-month period. Eig. out of thirty 
exposed mice and four out of thirty controls 
died during the same period. Rats and mice 
killed showed no evidence of significant path- 


§ The average concentration in rat exposures 
was 102 ppm, with a standard deviation of 24; the 
average in mouse exposures was 98 ppm (s.d.—16) ; 
the average in dog exposures was 100 ppm (s.d.—13). 
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tion Time Ratios of Rats and Mice Exposed 


Ethylene 19/20 19/20 Con- 
Oxide Confidence Reaction _ fidence Limits 
Concentra- Animals, L.T.s0, Limits of Time of Reaction 
tion, Ppm Species Group No. Min. L.T.s0, Min. Ratio Time Ratio Significant 
8,100 Rats Control 17 124 117-132 . 
1.05 0.97-1.1 Nots 
Exposed 17 8 112-124 
6,100 Mice Control 26 120 113-127 
1.14 1.04-1.24 Significant 
Exposed 22 105 99-112 . 


ological changes. The dogs were not killed, 
and physical examination at the end of the 
work indicated that they were normal (ex- 
cept for the hematological changes). It was 
assumed that in view of the small number 
of deaths in control and exposed rodents 
these groups were essentially alike at the end 
of the chronic exposures. To test this as- 
sumption, control and exposed rats and mice 
were subjected to a single exposure of ethyl- 
ene oxide on the day following the termina- 
tion of exposures. Rats were exposed to a 
concentration of 8100 ppm, and mice were 
exposed to a concentration of 6100 ppm. The 
time of death of each animal was noted, and 
median survival times computed. These 
S. T. 50's were 124 minutes for control rats 
and 118 minutes for exposed rats; for mice 
these values were 120 minutes for controls 
and 105 minutes for exposed mice. A statisti- 
cal summary is shown in Table 4. This indi- 
cates that the two groups of rats were not 
shown to be different but that the two groups 
of mice were shown to different, with use of 
the response to single exposure as the criter- 
ion of difference. 

4. Odor Detectability of Ethylene and Pro- 
pylene Oxides —Most of the human subjects 
“sniffing” ethylene oxide described the odor 
as pleasantly sweet to sickening sweet, fruity, 
or alcoholic. Others compared it with the 
odor of acetone or ether, and one person de- 
scribed it as pungent. The median detectable 
concentration was calculated to be 700 ppm 
(1260 mg/m.*), with a 95% confidence inter- 
val of 317 to 1540 ppm. 

The subjects who sniffed propylene oxide 
vapor described the odor as sweet, alcoholic, 
and like natural gas, ether, or benzene. The 
median detectable concentration was calcu- 
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lated to be 200 ppm (473 mg/m.*), with a 
95% confidence interval of 114 to 353 ppm. 


COM MENT 


The pulmonary changes noted in expo- 
sures to ethylene oxide and to propylene 
oxide do not indicate severe respiratory irri- 
tation as a property of the vapors. There 
appeared to be, however, a mild respiratory 
irritant action, and the changes seen in acute 
exposures to these vapors might be inter- 
preted as largely due to asphyxiation. A 
local pulmonary effect from repeated expo- 
sures to ethylene oxide is indicated by the 
lung changes in dogs repeatedly exposed to 
290 ppm. Repeated exposure of dogs to 
290 ppm and of rats to 400 ppm caused weak- 
ness in the hindquarters of these animals. 
Since we found no evidence of organic le- 
sions in the central nervous system and since 
there was some movement present, we at- 
tribute this weakness to muscular atrophy 
rather than paralysis. The weight loss in rats 
might account for such atrophy, but no such 
explanation can be found in the case of dogs ; 
so we attribute this atrophy to other ill-de- 
fined causes. The fat deposition in the mus- 
cles of dogs seems consistent with the de- 
velopment of such atrophy. 

The mortality data in Table 2 suggest that 
ethylene oxide is about two or three times 
as toxic as propylene oxide. The median 
detectable concentrations are less than these 
L. C. 59 values, suggesting a margin of safety 
between the lethal concentration and the de- 
tectable concentration if men are not ap- 
preciably more sensitive than animals to the 
effects of these vapors. Admittedly, this 
margin is very narrow in the case of ethylene 
oxide. There is probably a real safety mar- 
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gin, however, when it is considered that ani- 
mals were exposed for four hours, whereas 
humans were “exposed” for only a few sec- 
onds. This suggested safety margin is prob- 
ably great enough to warn most persons 
against concentrations that are dangerous 
even though not lethal. It should be appreci- 
ated that values given are median values; 
undoubtedly some persons are unusually sen- 
sitive to the effects of a particular toxic ma- 
terial, and some may have a very high thresh- 
old for odor detection. Thus, any discussion 
of a safety margin dealing with median values 
must consider that there are some persons 
for whom there is little margin of safety. 

The hemosiderosis noted in rats’ spleens 
in the subacute test is not necessarily signifi- 
cant, but, in view of the anemia found in dogs 
repeatedly exposed, the hemosiderosis may 
be considered significant. The anemia found 
in these dogs points up the desirability of 
making biood counts on personnel repeatedly 
exposed to ethylene oxide. 

A point of interest is the comparison of 
these results with the presently accepted 
MAC of 100 ppm.® The increased suscepti- 
bility of mice to acute exposure to a high 
concentration after a six-month exposure to 
100 ppm and the anemia found in one dog, 
together with the suspected anemia in an- 
other dog, suggest that 100 ppm may be a 
little high for the MAC for experimental 
animals. The real point at issue, however, 
is whether 100 ppm is the correct MAC for 
humans. To be on the safe side, we assume 
that humans are at least as susceptible to 
this concentration as animals, and we there- 
fore conclude that 100 ppm is too high for the 
MAC for man. The effects noted are not 
great ; so it may be that 100 ppm is not much 
too high. It is suggested that 50 ppm may 
be more likely to be the proper value for this 
threshold limit value. 

An independent study of the toxicity of 
ethylene oxide by Hollingsworth, Rowe, 
Oyen, McCollister, and Spencer *° came to 
our attention after the completion of our 
work. These authors noted effects similar 
to those seen by us, and they also suggested 
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50 ppm as the proper MAC for ethylene 
oxide. They noted changes in the liver, kid- 
neys, adrenals, and testes in experimental ani- 
mals, attributable to repeated exposures in 
the range of 200 to 840 ppm of ethylene oxide 
vapor. We did not find such effects and are 
not able to explain the discrepancies. They 
also noted weakness in the hindquarters and 
attributed these effects to paralysis. 


SUMMARY 


Ethylene oxide and propylene oxide cause 
respiratory irritation in dogs, rats, and mice 
on acute exposure. Ethylene oxide appears 
to be about two or three times as toxic as 
propylene oxide, both of which are only 
moderately toxic vapors. 

Repeated exposure of rats to 400 ppm of 
ethylene oxide for six weeks causes weight 
loss, weakness, and death. Similar exposure 
of mice produces death without definite clini- 
cal signs. Repeated exposure of dogs to 290 
ppm causes irritation, muscular atrophy with 
consequent weakness, and anemia. Repeated 
exposure of dogs, rats, and mice to 100 ppm 
of ethylene oxide for six months produces 
little evidence of toxic effects; these consist 
of increased susceptibility of mice to acute 
exposure and anemia in a dog. While these 
effects are not great, it is believed that they 
argue against the presently accepted MAC of 
100 ppm for ethylene oxide. A value of 50 
ppm is proposed for this standard. 

Assistance in carrying out this investigation was 
rendered by Earle A. Greene, Lorraine H. Lawson, 
William E. Rinehart, and Emil A. Pfitzer. Statis- 


tical calculations were made by Ira A. DeArmon 
Jr., Todd Frazier, and G. Stanley Woodson. 
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INTRODUCTION 


The fact that a potential health hazard due 
to mercury vapor may exist in research and 
analytical laboratories has been recognized 
for some time. Specific instances have been 
described by McCarroll, by Shepard and 
associates,? and more recently by Beauchamp 
and Tebbens.* 

The present study was undertaken when 
the attention of the Division of Industrial 
Hygiene of the New York State Department 
of Labor was called to the following case. 


REPORT OF A CASE 


A 28-year-old white male chemical laboratory 
assistant was seen on Dec. 8, 1954, because of 
fatigue, salivation, loss of intellectual vigor, and 
pain in the abdomen and back. 

He had been well until about February, 1954, 
when he became unusually tired after a day’s 
work. Fatigue had increased to such a degree that 
the patient barely could complete his daily tasks. 
His sleep had become poor. A night’s rest, induced 
by sedatives, failed to relieve the overwhelming 
fatigue. However, the patient had not experienced 
tremor or loss of motor power in any muscle. 

Abdominal pain began in the latter part of 
September, 1954, and soon was present almost 
continuously. The pain was located in the epi- 
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gastrium, was colicky in character, and bore no 


relation to the nature or to the time of meals. 
This pain was not affected significantly by the 
administration of antacids or antispasmodics. 

In addition, there was pain in the back, located 
at about the level of the first lumbar vertebra. 
This pain was dull and boring in character and 
unrelated to abdominal pain. It was unaffected 
by bodily motions or by the taking of food, and 
it was present almost continuously throughout the 
day and night. 

Coincident with the onset of these pains, the 
patient developed a strange (though not definitely 
metallic) taste in his mouth. His salivary flow 
increased (despite the use of certain atropine or 
atropine-like drugs for the relief of abdominal 
pain). He did not develop painful or swollen 
gums, loosening of the teeth, or sores in the mouth. 

Mental depression and loss of intellectual vigor 
became evident by October, 1954. The patient was 
unable to comprehend 
chemical 


or to visualize organic 
formulae, nor could he concentrate on 
his courses of study. He tended to remain quietly 
by himself, though occasionally he would become 
irascible with his family. 


Past Mepicat History 
The patient underwent a bilateral inguinal 
herniorrhaphy at the age of 6 years. Between the 
ages of 9 and 14 he was in a Swiss sanitarium 
because of a pulmonary lesion, considered then 
to be tuberculous but believed now to have been 
a nonspecific lung infection akin to primary atypical 
pneumonia. At the age of 21 he was seen because 
of recurrent, severe headaches. The general physical 
examination at that time was within normal limits 
except for slight weakness of the right hand grip. 
Appropriate failed to reveal any 
obvious cause for this abnormality (which ulti- 
mately vanished), and it was the opinion of the 
consultant neurologist that the patient most prob- 
ably suffered from migraine. The patient was not 
exposed to mercury in the form of medical or 
dental treatments or procedures in the past several 
years. 


investigations 


OccuPATIONAL History 
Prior to the present occupation the patient had 
had no occupational exposure to mercury or other 
potentially harmful materials. 
His present employment began in January, 1954, 
when he was engaged on the research staff of a 
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metallurgical laboratory in a large university. In 
the course of this work he attended an experimental 
high-frequency induction furnace connected to a 
mercury diffusion pump. He continued at this 
work until late in December, 1954. 


PuysicAL EXAMINATION 


When examined in December, 1954, the patient 
was well developed and appeared the stated age 
of 28. He was tense and apprehensive. Mental 
concentration appeared to be difficult, but the pa- 
tient was clear and oriented. The neurological 
findings were normal. Slight tenderness was elicited 
upon deep pressure in the epigastrium; the liver 
and spleen were not enlarged. There were no 
lesions in the mouth, nor was a skin rash noted. 
The arterial blood pressure was 110/70. The re- 
mainder of the physical findings were within the 
range of normal. 


LABORATORY REPORTS 
(November, 1954) 


Stool Examination for Occult Blood: Negative 
Blood Count 


(13.7 gm.) per 100 ml. 

0.94 

51% 

Mean corpuscular volume......... 101 (normal, 80-94) 


Polymorphonuclear neutrophiles.. 71.0% 
Lymphocytes, large and small... 21.0% 


6.0% 
Eosinophiles 1.5% 
Basophiles 0.0 

Plasina cells 0.5% 

Anisocy tosis No significant 


qualitative 
er changes noticed 


Polychromatophilia 
Basophilic stippling 


Nucleated red cells................ None 


the red cells is uniform 


Mean corpuscular hemoglobin.... 27 (normal, 27-32) 


Mean corpuscular hemoglobin 
27% (normal, 33% to 
38%) 


Urinalysis revealed a specific gravity of 1.022, 
no albumin or sugar. Microscopy showed about 
3 r.b.c.’s per h.p.f., normal leucocytes, and no casts. 

Urinary Mereury (Dec. 27, 1954) 
24-hr. sample, 1267 ml. 
0.54 mg. mercury in sample 
0.45 mg. mercury per liter 

G. I. Series: Antral, bulbar, and postbulbar 
spasm, with suggestive evidences of a duodenal 
ulcer; otherwise, normal findings. There are no 
evidences of a new growth. There are no evi- 
dences of hiatus hernia. The small intestines dis- 
close no abnormal patterns and no delay in transit 
time. 
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Course 
The patient worked intermittently in the labora- 
tory for a brief period after his initial examina- 
tion, but on Dec. 21, 1954, he went on sick leave. 
His time thereafter was spent at home, resting 
for most of the time and doing light reading. No 
medication was prescribed for the patient. While 
on this simple regimen the patient’s symptoms 
subsided, and by Feb. 28, 1955, he felt as well as 
ever. Physical examinations during this interval 
of time failed to disclose any abnormal findings. 
A total 24-hour urine (1850 ml.) two months later 

showed 0.12 mg. of mercury. 


COM MENT 


Stomatitis, tremor, and psychic disturb- 
ances have been characterized as the most 
prominent features of industrial mercury 
poisoning. However, it is the atypical picture 
which is more frequently seen today. This 
patient complained of salivation, colicky pain, 
loss of memory, and irritability, symptoms 
which are not infreqently observed in mer- 
cury intoxication. Other clinical entities, such 
as acute porphyria, lead intoxication, and an- 
xiety reaction, were considered, but in view 
of the particular exposure to mercury, the 
markedly elevated urinary mercury, and the 
clinical recovery following removal from 
exposure, the diagnosis of mercury poisoning 
was made. It is recognized that an increased 
amount of mercury in the urine indicates 
exposure and cannot always be correlated 
with the clinical picture or with the degree 
of exposure. The diagnosis of mercury 
intoxication usually requires an evaluation of 
both clinical and laboratory findings. 

In view of the diagnosis of mercury poi- 
soning it was deemed essential to investigate 
the working environment of G. B. and other 
personnel of this university laboratory. Full 
cooperation of the university officials was 
readily obtained and a medical and an envi- 
ronmental study was promptly undertaken. 


ENVIRONMENTAL STUDIES 


Workroom.—tThe room, which is situated 
in the northwest corner of the fourth 
floor, is approximately 30 ft. square and 
20 ft. high. It has two 12 by 5 ft. double 
hung windows in each of the north and west 
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walls. Other ventilating means comprise a 
register located just below the ceiling and a 
3 by 8 ft. door. 
hardwood floor. 


The room has a well-worn, 


Equipment Employing Mercury. — This 
equipment comprises three high-vacuum, 
metal purifying apparatuses connected to 
mercury diffusion pumps and thence to 
mechanical vacuum pumps. One of the units 
is located adjacent to the south wall, and the 
other two are nearby. The mercury diffusion 
pumps provide a vacuum of the order of 
10-7 mm. of mercury inside the glass equip- 
ment. Experimental melts of 25 to 200 gm. 
of metal, chiefly iron and steel, are made in 
the equipment. 


There is a trap in the pipeline from the 
large apparatus to the large vacuum pump. 
This trap is usually immersed in a beaker 
containing a mixture of dry ice and trichloro- 
ethylene which gives a temperature of 
—78 C, considerably below the freezing point 
of mercury. At times, however, the trap 
may be removed for about 30 minutes at the 
start of an experimental melt. The mechani- 
cal vacuum pumps exhaust into the work- 
room. 

Inert gases, such as liquid nitrogen, are 
also used in the above equipment. 

Small supplies of mercury and trichloro- 
ethylene, together with several other sol- 
vents, such as alcohol and acetone, are kept 
in stoppered containers in a wall cabinet at 
the north end of the room. Inspection of the 
wooden floor in front of the research equip- 
ment disclosed a few tiny mercury drops in 
the cracks between the boards. Several drops 
of spilled mercury were also seen on the 
window sill behind the equipment and in a 
wall sink nearby. 

Mercury Vapor Tests.—Air tests for mer- 
cury vapor disclosed the following concen- 
trations : 


Mereury 
Concentration, 
Location Mg./Cu. M. 

General air in breathing zone Trace 
In sink (cooling water discharging here)... Trace 
Back of wall radiator near equipment..... 01 
At exhaust of smali vacuum pumps........ 0.2 
At exhaust of large pump (trap on)....... 0.1 
At exhaust of large pump (trap off)....... 0.5 
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Conclusions —While toxic concentrations 
of mercury vapor were not found in the 
breathing zone, concentrations in excess of 
the maximum allowable figure of 0.1 mg. 
per cubic meter were found directly at the 
exhausts of the mechanical vacuum pumps. 

There is also a low release of mercury 
vapor from contaminants in the cracks of the 
workroom floor. 

Recommendations.—At the time of these 
tests it was recommended that the following 
precautions to minimize the release of mer- 
cury vapor in the laboratory be instituted: 

1. That the exhausts of each of the me- 
chanical vacuum pumps be piped out-of- 
doors. 

2. That the cracks in the wooden flooring 
be cleaned by a wire brush or other means 
after which a solution of a mercury vapor 
depressant, such as calcium polysulfide, be 
applied in accordance with the manufac- 
turer’s directions. 

3. That every precaution be taken to pre- 
vent the spillage of mercury. If this should 
occur, the floor should be wetted with water 
and the mercury picked up immediately. 
A small steel pipe connected to a suction 
bottle by a small bore rubber tubing will 
facilitate such clean up. 

4. That the laboratory be revisited for a 
vapor check following compliance with the 
above remedial measures. 

Follow-Up Studies. — A follow-up visit 
was made at the end of five weeks to re- 
evaluate the exposure to mercury vapor after 
outdoor exhausts had been provided for the 
three mechanical vacuum 
ommended. 


pumps, as rec- 

With one of the high-vacuum sets operat- 
ing, no detectable amount of mercury was 
found anywhere in the workroom atmosphere 
from floor level to the breathing level. The 
installation of the three exhaust pipes has 
apparently removed the mechanical pumps 
as a source of mercury vapor release to the 
workroom atmosphere. 

In addition to the pumps, the set has a 
mercury cut-off containing a small pool of 
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mercury enclosed in a glass column provided 
with a cover. The cut-off is part of a furnace 
(high-frequency induction type) in which 
15 to 35 gm. samples of iron are melted in 
a vacuum. During the melting operation 
mercury vapors rise and deposit on a glass 
sleeve inside the column and also on the 
inside of the cut-off and its cover. After 
each melting operation the cover, which is 
sealed on with a high-melting wax, has to 
be removed. This is done by flaming the 
outside of the cover with a gas torch to 
soften the wax, after which the cover can 
be taken off and the furnace sample removed. 
Once the cover is removed, it takes about a 
minute or two to remove the sample and 
then close off the column. It has been the 
practice to remove the glass cover about 
twice a day when the workers would operate. 
Since the atmosphere inside the cut-off 
would be saturated with mercury vapor, the 
removal of the cover would allow the release 
of this vapor into the air near the breathing 
zone of the attendant (the patient performed 
this work). 

Tests taken at another operator’s breath- 
ing zone during the removal of the cover 
showed 0.18 mg. of mercury per cubic meter 
of air. This concentration falls away rapidly, 
and at the end of two minutes’ time the 
concentration reading is down to 0.02 mg. 
per cubic meter in the breathing zone. Be- 
cause of the infrequent nature of the cover 
removal, its short duration and attending 
exposure, exhaust for the operation was not 
considered necessary. However, an improve- 
ment in work habits reduced the exposure 
due to this source. 

Conclusions.—Permanent exhaust pipes to 
the outdoors have been provided for the 
exhausts of each of the mechanical vacuum 
pumps. 

The cracks in the wooden laboratory 
floor have been well cleaned of any mer- 
cury droplet accumulations and subsequently 
treated with Hg X compound. 

The hazard from mercury vapor is now 
being satisfactorily controlled. 
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EXAMINATION OF OTHER PERSONNEL 


In addition to the patient, a total of 13 
other persons had been working continually 
or intermittently in the laboratory. All these 
persons readily submitted to medical exam- 
ination, and 10 of them submitted urine 
samples for mercury analysis. Among the 
latter there were three who occasionally 
worked with molten lead and whose urine 
specimens were examined for lead as well 
as for mercury. The medical examinations 
included a history, a physical examination, 
and complete blood count. Since no signifi- 
cant abnormalities were detected, the findings 
are not given in detail but are summarized 
in Tables 1, 2, and 3. 


TABLE 1.—Symptoms 


Cases, 
Symptom No. 
TABLE 2.—Physical Findings 
Cases, 
Sign No. 
Tremor 


barely perceptible. 


Taste 3.—Urine Studies 


Time 24-Hr. 
Em- Urine, 
Sub- ployed, Vol. Me. He 
ject Mo. in Ml. Total Remarks 
1 12 1,267 eee 
(G. B.) 1,850 0.12 Repeat spec. 2 
mo. later 
2 18 540 0.005 Lead, 0.04 mg. 
3 1 1,160 eS 
4 32 1,430 0.01 Recent amalgam 
fillings in teeth 
5 17 1,150 0.00 Lead, 0.02 mg. 
6 5 .1,020 
8 24 310 0.00 Probably not a 
full 24-hr. 
sample 
Lead, 0.08 mg. 
10 7 820 
ll 5 780 0.00 


Note: Values of 0.00 indicate amounts too low to be 
measured, 


4 
ae 
: In all cases the tremor was of a mild degree or very 
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COMMENT 

The fact that none of the other laboratory 
personnel exhibited evidence of excessive 
mercury absorption may be explained on the 
basis of greater exposure for the patient, a 
fact which finds support in the analysis of 
his activities in the laboratory. It is note- 
worthy that two of the others showed evi- 
dence of lead absorption of a degree that 
might call for further investigation. 


SUMMARY 


A case of mercury poisoning occurring 
in a university is reported, and the particular 
operation performed by the assistant which 
resulted in greater than permissible mercury 
vapor exposure is described. 

Other personnel employed in the same 
laboratory were studied but showed no evi- 
dence of intoxication, and this is explained 
by their minimal exposure to mercury. 
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Environmental studies revealed potential 
sources of danger which were amenable to 
simple control measures. 


Messrs. Benjamin Dolin, Charles Ford, and 
Charles Shackford rendered technical assistance. 
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by Mobile equipment 


LOGAN T. ROBERTSON, M.D., Asheville, N. C. 


I will discuss, and demonstrate with illus- 
trative slides, a technique using specially de- 
signed mobile medical units to provide peri- 
odic health examinations for the personnel 
of large and small industries. This technique 
is still in process of development, but enough 
field experience has been gained to justify 
the statement that it will satisfy the require- 
ments for which it was devised, namely, 
periodic examination of members of any 
industrial community, large or small, with 
minimum loss of time from the job on the 
part of the employee, whatever his working 
hours, and the preservation and strengthen- 
ing of the relationship between the employee 
and his personal family physician, even when 
large numbers of persons are examined. 

What I describe is planned to be the 
nucleus of a medical program for industry 
which will emphasize preventive medicine, 
early detection of illness, and health counsel- 
ing. Periodic health examinations are a key- 
stone to any in-plant medical program. Man- 
agement and labor are now more and more 
demanding provision for a definite program 
of examinations, and it behooves us as phy- 
sicians to answer this need on a private 
enterprise basis before some other group 
steps into the opening. 

For carrying out the periodic examina- 
tions, a three-trailer mobile medical unit has 
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been devised. The first two are large, twin 
tractor-trailers made of aluminum. They are 
specially designed and constructed for use 
in rapid, though thorough, examination of 
large numbers of employees. The third unit 
is a house trailer converted into a fully 
equipped clinical laboratory to be placed near 
the twin trailers. 


All three units are designed to economize 
both time and space. All are electrically 
heated and air-conditioned. They are brought 
to the plant and located where lights, water, 
and telephone facilities are most easily 
hooked up with the plant system. The big 
twin trailers are set up side by side and are 
joined together by two accordion-like cur- 
tained walkways; the third is set at one end 
of these. The interior of the twin trailers is 
so arranged that the examinees pass through 
a series of examining rooms. Down the 
length of one trailer, across to the next, and 
back through the first to the same door 
where they entered, the examinees proceed 
at the rate of 50 to 60 per eight-hour shift. 
Each examination is handled individually 
in the various rooms, so that no sense of 
mass production prevails. 


The last phases of the examination are 
given in the auxiliary trailer. Blood and 
urine tests are made here, and results, unless 
further study is indicated, are recorded by 
the end of each day. 

In all phases of the examination skilled 
medical personnel administer the tests used. 
Our mobile staff consists of two nurses, one 
x-ray technician, two receptionists, and two 
laboratory technicians. The physicians who 
perform the physical examinations belong to 
the local community; they are contacted 
through the local medical society of the 
county in which the examinations are being 


held. 


| 
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With this general picture of the trailer 
clinics in mind, I shall now describe in more 
detail the specific stages that each examinee 
goes through during a typical examination. 
By the way, I prefer to use the term “ex- 
aminee” rather than “patient,” because we 
are presumably examining a healthy working 
population. The slides I am showing were 
made recently at a plant in Ohio. 


After the trailers are set up and appoint- 
ments scheduled, the examinee enters the 
mobile unit at the end of one of the twin 
trailers into the reception room. Here he 
is clocked in, so that an accurate check may 
be made of actual time off the job. Then he 
is interviewed and fills out his medical his- 
tory. As postprandial blood sugar deter- 
minations are to be made, he here receives 
75 gm. of a dextrose solution. At this first 
station too his height and weight are re- 
corded, together with the results of skinfold 
measurements to determine obesity. Screen- 
ing psychological tests are also performed 
here. 

From the reception room the examinee 
proceeds by means of sliding doors into the 
next two stations where, first, audiometric 
and, then, visual tests are made. These slid- 
ing doors between the reception room and 
the audiometric, and the visual testing room 
enable the examinee to pass along one side 
of the first trailer while the examiner re- 
mains on the other side. The hearing tests, 
usually the “pure tone” audiometric sweep 
tests, are given in a soundproof room. Visual 
tests are made with the “Ortho-Rater.” 

From the visual testing room the examinee 
then advances to a lead-lined x-ray room 
where a 4 by 5 PA photofluorographic chest 
x-ray film is taken or, where indicated, a 
14 by 17 film. Here, also, the examinee (if 
a woman) is asked to change into an exam- 
ining gown which she wears during all the 
remaining examinations in the twin trailers. 
At the far end of the x-ray room is a devel- 
oping room where the technician processes 
the exposed film. Passing from the first 


trailer into the second through a curtained 
walkway, the examinee next has an electro- 
cardiogram made—routinely if over 40 years 
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of age or, if under 40, at the request of the 
examining physician. 

The examinee advances next to any one 
of three examining rooms where the local 
physician performs his examination. This 
consists of checking the eyes, ears, nose, 
teeth, throat, neck, chest, heart, abdomen, 
hernia, external genitalia, rectum, pelvis (in- 
cluding vaginal and cervical smears for cyto- 
logic study), and extremities. Before the 
physician’s examination tonometry is per- 
formed routinely by the nurse. 

With the completion of this phase, the 
examinee returns to the reception room, 
walks out, and then enters the third trailer, 
the clinical laboratory. Here blood and urine 
samples are taken by the laboratory tech- 
nician, who performs such tests as post- 
prandial blood sugar, hematocrit, buffy 
layer, VDRL, sedimentation rates, and 
blood typing. 

The laboratory tests complete all stages of 
this periodic examination ; the examinee has 
been off the job only about 45 to 60 minutes. 

Upon completion of each day’s examina- 
tions the individual charts are collected and 
sent to the home office in Asheville, N. C., 
where the medical director or the coordinat- 
ing internists begin analysis of each chart. 
X-rays are read by radiologists, EKG’s by 
cardiologists, and psychological tests by 
clinical psychologists. All this medical in- 
formation—the medical history, the results 
of the tests and the physical examination, 
and the laboratory data—is transferred to 
IBM cards, together with data on the ex- 
aminee’s age, sex, race, and occupation. 
(His occupation has been coded before the 
examination according to the Dictionary of 
Occupational Titles. ) 

After each record has been analyzed, the 
examinee receives a personal letter from the 
medical director of the mobile units, de- 
scribing for him in lay terms the status of 
his health. He is advised that he can best 
protect his health by remaining under the 
continued observation of his own personal 
physician, and he is urged to consult him 
regularly. Emphasis is placed on the fact 
that the examinations performed are de- 
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signed to detect only certain illnesses. Thus, 
each employee’s health-consciousness is 
strengthened, and if he has not already estab- 
lished a local relationship with a physician 
of his choice, this examination experience 
should encourage the initiation of such a 
relationship. 

The examinee’s personal physician, if he 
has named one, also receives a letter about 
the examinee. This letter gives detailed 
medical information when necessary. The 
personal physician also receives a letter ex- 
plaining that his name has been given by 
one or more of the examinees and that medi- 
cal information, such as electrocardiograms 
and x-rays, will be made available to him 
for follow-up treatment. The medical director 
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indicating types of various medical condi- 
tions found according to sex, age, race, and 
occupation. 

Thus far we have performed periodic ex- 
aminations on approximately 14,000 mem- 
bers of our working population. Already 
we are beginning to observe some trends in 


‘the statistics we have compiled, and we ex- 


pect that statistical reports will contribute to 
future research in this phase of occupational 
health. 


In summary, then, a technique is presented 
for comprehensive health maintenance ex- 
aminations performed at the occupational 
site. The technique emphasizes case-finding, 
preventive medicine, and health counseling. 


of the plant is given summaries of medical 
findings and outlines of specific cases where 
serious conditions are found. Management 
receives only anonymous statistical findings 


All examinees are encouraged to consult 
regularly a personal family physician, and 
the in-plant medical director is provided 
with a health inventory of his personnel. 


News and Comment 


ANNOUNCEMENTS 


Trudeau School of Tuberculosis.—The Trudeau School of Tuberculosis will present its 
4lst Annual Session, beginning Monday, June 4, 1956, and concluding June 29, 1956. The course 
will cover all aspects of pulmonary tuberculosis and also certain phases of other chronic chest 
diseases including those of occupational origin. 

As the Trudeau Sanatorium is now closed, the clinical material for the course will be derived 
from the Ray Brook State Tuberculosis Hospital, the Tupper Lake Veterans Facility, Will 
Rogers Memorial, and Sanatorium Gabriels. The skills of the research laboratories and of the 
practicing tuberculosis specialists of Saranac Lake will be called upon, as in the past, to partici- 
pate in the program. There will also be greater participation than previously by guest lecturers 
from different parts of the country, which it is believed will help to make the course more 
interesting and authoritative. 

The Trudeau School of Tuberculosis has been approved for training of veterans under 
Public Laws and those desiring to obtain veterans’ benefits should clear their registration with 
the Veterans Administration before the session begins. The tuition fee is $100. A few scholar- 
ships are available for those persons who can qualify. 


For information and registration, please write Secretary, Trudeau School, 7 Church St., 
Saranac Lake, N. Y. 


— 
4 
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ROBERT J. BOLT, M.D. 
O. T. MALLERY Jr., M.D. 

and 

CHARLES J. TUPPER, M.D., Ann Arbor, Mich. 


In a previous report * we have summarized 
the results of thorough annual physical ex- 
aminations involving 500 executives during 
a period of five years (July, 1947, to July, 
1952). It was shown that on the initial 
examination of 500 business executives 260, 
or 52%, were found to have one or more 
defects requiring treatment. Of all the de- 
fects found in these 260 executives, 69.8% 
were not known to exist prior to the exami- 
nation. Expressed differently, 40.6% of all 
the executives examined were found to have 
one or more defects requiring treatment 
which were not known to be present prior 
to the initial examination. Even more strik- 
ing was the fact that on subsequent examina- 
tions from 12.7% to 20.3% were found to 
have developed new abnormalities requiring 
treatment. 

Evaluation of the value of the various 
tests employed in establishing the above 
diagnoses was not attempted in the original 
communication. It however, shown 
that 12.3% of the 351 defects found on the 
first examination and requiring treatment 
were established by one of the laboratory or 
x-ray tests in the absence of clinical findings 


was, 
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Appraisal of Laboratory 


(Table). In this communication we wish 
to analyze both the value and the short- 
comings of the individual tests performed 
and give some indication as to their useful- 
ness when employed as so-called “screening” 
procedures. 

In these examinations the following tests 
were employed on a routine basis: complete 
blood count; complete urine analysis; se- 
rology; stool examination for occult blood ; 
sedimentation rate, and nonprotein nitrogen, 


Diseases Requiring Treatment Unsuspected 
Clinically or Symptomatically 


Pa- 
tients 
Procedure No. Diagnosis 
Fasting blood sugar test...... 3 Diabetes mellitus 
Roentgen examinations 
1 Tuberculosis 
Upper G. I. 1 Esophageal diver- 
ticulum 
Choleeystogram ............ 10 Cholelithiasis 
1 Careinoma 
Electrocardiogram ............ 2 Infaretion 
Sigmoidoscopy ................ 16 Polyps 
Urine analysis................. 8 Infection 
43 
(12.3% of all defects requiring treatment) 


fasting blood sugar, and acid and alkaline 
phosphatase determinations. Complete x-ray 
studies were done on all patients and con- 
sisted of the following: chest x-rays; upper 
gastrointestinal x-rays, and cholecystograms 
annually, as well as colon x-rays in alternate 
years. In addition, electrocardiograms were 
recorded and sigmoidoscopic examinations 
were done on an annual basis. 

All biochemical determinations were made 
in the laboratory of the University Hospital, 
utilizing the following standard procedures: 
nonprotein nitrogen by the microKjeldahl 
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procedure, with a normal upper limit of 40 
mg. per 100 cc.; fasting blood sugar by the 
modified Nelson-Somogyi* method, with 
normal values of 50 to 90 mg. per 100 cc.; 
acid phosphatase by the King-Armstrong 
method, with normal values of 0 to 5 units, 
and alkaline phosphatase by the King-Arm- 
strong method, with normal range at 4 to 
10 units. The routine serological test em- 
ployed was the method of Kahn, and the 
Treponema immobilization test was used for 
verification. Stools for occult blood were 
tested by means of the guaiac test. 

The percentages referred to in this analy- 
sis are on the basis of the total number of 
tests employed and, as such, do not refer to 
patients or the true incidence of diseases as 
reported in the original communication. 
Figure 1 depicts the reported abnormalities 
of the various laboratory procedures. It can 


* References 2 and 3. 
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readily be seen that the number falling out- 
side the range of normal varies from a high 
of 23.2% (sedimentation rate) to a low of 
0.7% (serology) of all tests done. It is to 
be noted that from one-half to two-thirds 
of the initial reports outside the normal 
range were shown to be inaccurate or of no 
clinical significance when confirmatory or 
repeat tests were employed. The acid and 
alkaline phosphatase determinations were of 
no value in this series of examinations. Un- 
explainable elevations occurred in 2.2% and 
0.6%, respectively, and normal levels were 
reported in the cases of carcinoma discov- 
ered by other means. 

It is of interest to note that even the 
routine serologic test, although positive in 
an extremely low percentage, also included 
a number of “false positive” tests, as indi- 
cated by the Treponema immobilization test. 
Urine analysis and fasting blood sugar tests 
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Fig. 1—Results of laboratory studies. 
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EKG - 868 EXAMS 


PERCENT REPORTED AS ABNORMAL 
> NO CLINICAL EVIDENCE OF 
HEART DISEASE 


PERCENT ABNORMAL & CLINICAL 
P EVIDENCE OF HEART DISEASE 


present ; 
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RESULTS OF ELECTROCARDIOGRAMS 


Fig. 2—Of the tracings, 27.2% were abnormal but no clinical evidence of heart disease was 
10.2% were abnormal and clinical heart disease existed. The black bars and the 
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ABNORMAL EKG 
236-272% OF TOTAL _ 


PERCENT OF EACH GROUP ae 
ASSOCIATED WITH SIGNS ae 
AND/ OR SYMPTOMS OF 


HEART DISEASE 


percentages on the right graph refer to patients with both abnormal tracing and clinical 


evidence of heart disease. 


were the only procedures employed which 
established diagnoses that would have been 
missed had these procedures not been em- 
ployed on a routine basis. Expressed dif- 
ferently, these patients had no signs or 
symptoms which would have led the phy- 
sician to employ the tests listed on anything 
but a routine basis. It must be emphasized 
that this analysis does not give credit to the 
laboratory for establishing a diagnosis in the 
presence of any sign or symptom which 
might have led the physician to order the 
test because of a clinical suspicion that ab- 
normality would be found. Its value in these 
instances is self-evident. 

Figure 2 depicts the abnormalities found 
by means of routine electrocardiographic 
tracings. As noted in our previous com- 
munication, two patients were shown to have 
had myocardial infarcts unsuspected clini- 
cally. We have analyzed all the abnormal 
tracings and correlated them with the clinical 
cardiac status of the patient. Of the 868 


tracings taken, 236, or 27.2%, were reported 


to be outside normal limits. Eighty-nine of 
these, or 10.2% of all tracings, were asso- 
ciated with clinical evidence of heart dis- 
ease, such as significant valvular murmurs, 
cardiomegaly, evidences of congestive failure, 
or symptoms of angina pectoris, dyspnea, 
orthopnea, etc. It is of interest to note that 
none of the patients with electrocardiographic 
evidence of right bundle branch block had 
clinical evidence of heart disease. The mis- 
cellaneous group having a 57% correlation 
with clinical heart disease includes four cases 
of left bundle branch block, in every instance 
associated with objective evidence of cardiac 
abnormality. Aside from findings diagnostic 
of myocardial infarction and possibly left 
bundle branch block, the finding of abnor- 
malities on routine tracing is by no means 
diagnostic, and conclusions without regard 
to the clinical findings are seldom warranted. 
It will be necessary to follow the patients 
with electrocardiographic abnormalities over 
a period of at least 10 years before final con- 
clusions as to their true significance can be 
drawn. 
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RESULTS OF SIGMOIDOSCOPY 


477 EXAMINATIONS 


| Carcinoma 
< 0.2% 


Polyps 9.6% 


a Miscellaneous 
12.7 


Figure 3 


The findings of the routine sigmoidoscopic 
examinations are both interesting and, we 
feel, highly significant. As can be seen in 
Figure 3, a total of 477 examinations were 
done. One hundred eight, or 22.4%, showed 
some type of abnormality. There were 46 
instances (9.6% ) in which single or multiple 
polyps were found, and one instance (0.2% ) 
in which sigmoid carcinoma was discovered. 
All these findings were in asymptomatic 
persons. There were 61 other occasions 
(12.7%) when definite abnormalities of less 
significant degree were found (hemorrhoids, 
fissures, etc.). 

Routine chest x-rays in this group of pa- 
tients support the many previous studies as 
to the value of this procedure in routine 
surveys. We have had the advantage of 
being able to follow our cases in all in- 
stances and have therefore divided the ab- 
normal chest x-rays into three groups, called 
B, C, and D. As noted in Figure 4, there 
were 932 chest x-rays taken, of which 168, 
or 16.9%, were abnormal. Of these abnor- 
mal x-rays, 88 (52%) were considered B 
chests. This denotes an abnormality of minor 
degree without clinical significance; no fur- 
ther studies were indicated in this group. 
The C chests refer to initial x-ray findings 
of abnormalities of possible significance. 
Further studies were done, and these abnor- 
malities were subsequently shown to be of 
no significance. There were 45 x-rays of 
this type, comprising 4.8% of all x-rays 
taken or 27% of the abnormal chest x-rays. 
Group D consists of all x-rays felt to be 
significantly abnormal on the initial filming, 
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and this significance was confirmed by fur- 
ther studies. There were 35 x-rays in this 
group, or 3.8% of all x-rays taken and 21% 
of the abnormal films. The types of findings 
in the D group are as follows: 

Bronchiectasis 

Carcinoma 

Cardiomegaly 

Pleurisy 

Emphysema 

Metastatic carcinoma 

Final diagnosis not established 


Total 


Seventy-five films, or 8.7% of all cho- 
lecystograms, showed some type of abnor- 
mality. On 27 of these films (3.1%) definite 
calculi were visualized; 13 (1.5%) showed 
nonvisualization; and 35 (4.0%) showed 
very faint visualization (Fig. 5). 

Figure 6 depicts the findings on routine 
upper gastrointestinal x-ray as well as the 
first barium enema examinations. There 
were 884 upper gastrointestinal series of 
which 232, or 26.24%, showed some type 
of abnormality. It is of interest to note 


Figure 4 


CHEST X-RAY 


932 EXAMINATIONS 
168 (169%)ABNORMAL 


GRADE OF ABNORMALITY 


B =INSIGNIFICANT DEFECT FURTHER 
STUDIES NOT INDICATED 


C =ABNORMALITY FURTHER STUDIES 
DONE NO SIGNIFICANT DISEASE FOUND 


D = ABNORMALITY SIGNIFICANCE 
PROVEN ON FURTHER STUDY 


LABORATORY PROCEDURES IN 


CHOLECYSTOGRAM 


867 EXAMINATIONS 
75 (8.7%) ABNORMAL 


TYPE OF ABNORMALITY 


STONES 


FAINT VISUALIZATION 47% 


35% 


» NON VISUALIZATION 18% 


Figure 5 


the high incidence of persistent pylorospasm 
noted by the fluoroscopist. The presence of 
fluoroscopic evidence of persistent pyloro- 
spasm was not well correlated with the pa- 


DIVERTICULI 


PERIODIC 


HEALTH EXAMINATIONS 


tients’ symptomatology. Over the five-year 
period which this study covers, there were 
only 29 patients with symptoms compatible 
or suggestive of pylorospasm, verified by 
x-ray, in whom no specific cause for pyloro- 
spasm (ulcer, etc.) could be found. Of these 
29 patients only 12 had symptoms of suf- 
ficient severity to warrant the use of anti- 
spasmodic and sedative drugs. On the other 
hand, there were many patients with similar 
symptoms in whom x-ray studies failed to 
reveal pylorospasm of any significant degree. 
The same can be said of antral prolapse. 
Although this entity has been described by 
numerous authors, we have been impressed 
by the absence of symptoms in the presence 
of the roentgenologic signs of prolapsing 
gastric mucosa. No gastric carcinomas 
were found in this series of 884 examinations. 


Colon x-ray findings are likewise shown 
at the bottom of Figure 6. Two cases of 
carcinoma were found in the series of 743 
examinations. In each of these cases routine 
stool examination for occult blood was nega- 
tive. In one case the patient was completely 
asymptomatic, and in the other symptoms 
were so minor (mild constipation) and of 


ESOPHAGUS 
HIATUS HERNIA 
ULCER 3 
ANTRAL PROLAPSE 884 EXAMS 
232 (26.2%) 
PYLOROSPASM 
BULB DEFORMITY 
BULB CRATER DUODENUM 
DIVERTICULI 
DIVERTICULOSIS COLON 
743 EXAMS 
122 (16.4%) 
CARCINOMA ABNORMAL 
io % OF TOTAL 
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such short duration (one week) that it is 
doubtful whether this patient would have 
been subjected to colon x-rays on anything 
but a routine basis. The incidence of colonic 
diverticulosis is extremely high. It must be 
kept in mind that this incidence is on the 
basis of the number of x-rays taken and not 
of patients. Even so, this is an unexpectedly 
high percentage and illustrates the com- 
monness of this finding. We have a great 
deal of respect for the seriousness of diver- 
ticulitis once this occurs, but on the basis 
of our findings the incidence of occurrence 
of diverticulitis would seem to be small, and 
the mere finding of diverticulosis should not 
be regarded with too much awe. In this 
series none of the patients showed clinical 
evidence of diverticulitis. 


SUMMARY 


On the first examination of 500 executives, 
12.3% of all defects requiring treatment were 
discovered purely on the basis of routine 
laboratory tests or special procedures. In the 
other 87.7%, the laboratory played an essen- 
tial role in supporting the diagnoses estab- 
lished clinically. The role of laboratory stud- 
ies has thus been shown to be of indispensable 
value. Despite this, the incidence of lab- 
oratory values outside the so-called “normal 
range” is significantly high, and premature 
conclusions on the basis of single routine 
determinations must be guarded against. In 
regard to specific tests we have found the 
routine use of acid and alkaline phosphatase 
determinations to be of no value. The blood 
nonprotein nitrogen level has not been help- 
ful in the absence of urinary abnormality, 
and its value has been limited to use in 
specific instances where either clinical find- 
ings or urinary abnormalities would indicate 
the need for further renal evaluation. The 
stool test for occult blood has been dis- 
appointing in the circumstances in which it 
was used. Routine electrocardiographic trac- 
ings have been of distinct value, although 
the diagnosis of organic heart disease in most 
instances continues to be based primarily 
on history and physical examinations, with 
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support from the electrocardiographic trac- 
ing. Routine x-ray examinations of the gall 
bladder, upper gastrointestinal tract, and 
colon have revealed a high percentage of 
abnormality even in the absence of symp- 
tomatology. Although treatment may not be 
necessary in many instances, the findings are 
of great value both for the institution of 
preventive measures and as a basis for early 
diagnosis should symptoms develop. Sig- 
moidoscopic examination was indispensable, 
and the high incidence of polyposis alone 
would warrant its continued use as a routine 
procedure. 


CONCLUSIONS 


Complete history and physical examina- 
tions were responsible for the establishment 
of diagnoses in 87.7% of persons in whom 
abnormalities were found. Laboratory stud- 
ies revealed disease to be present when it 
was unsuspected clinically in 12.3% of those 
in whom defects were discovered. 

Although laboratory, x-ray, and electro- 
cardiographic studies are invaluable when 
correlated with clinical findings, single abnor- 
mal results should be interpreted with cau- 
tion and hasty conclusions without verifica- 
tion must be guarded against. 

Of all laboratory tests used in this exami- 
nation, the least useful and frequently most 
misleading were the guaiac test for occult 
blood and the determinations of acid and 
alkaline phosphatase and NPN. 

Sigmoidoscopic examination was a valu- 
able agent in our series, especially in dis- 
covering asymptomatic rectal “polyps.” 

Roentgenologic studies of the gall bladder, 
upper gastrointestinal tract, and colon re- 
vealed many abnormalities in asymptomatic 
persons. 
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INTRODUCTION 


Among the useful and versatile plasticiz- 
ers in the manufacture of films and tubing 
from synthetic plastics, few are more widely 
used than 2-ethylhexyl phthalate, known in 
the plastics industry as DOP, dioctyl phthal- 
ate. Large volumes of this material are being 
handled in manufacturing and industrial ap- 
plications. Of special interest is the use of 
DOP as a plasticizer in films for wrapping 
nonfatty foods and in the manufacture of 
intravenous vinyl tubing. The low toxicity 
and low leachability by aqueous media are 
important properties justifying these uses. 

In 1943 Hodge’ characterized the acute 
toxicity of 2-ethylhexyl phthalate in rats and 
mice as “very low.” Shaffer and associates * 
confirmed and extended these observations in 
other species and by other routes of adminis- 
tration. From metabolic studies these authors 
concluded that “such injurious action as 
it (DOP) does exert within the body appears 
to be due to the alkyl part of the molecule 
rather than to the phthalate portion.” Later 
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in Rats aul Dogs 


chronic feeding studies in rats, guinea pigs, 
and dogs were reported by Carpenter and 
associates * and “no effect’ levels of 0.06 
gm/kg/day (or somewhat higher for rats) 
were established. The current studies con- 
firm these results and add data for higher 
daily doses. 

For completeness the available information 
on the acute toxicity of DOP is summarized 
in Table 1. The low acute toxicity in several 
species by two routes is evident. 

RAT FEEDING STUDIES 

Chronic Oral Toxicity—From a large group of 
weanling albino male and female Wistar-strain rats 
three groups, each comprising 43 males and 43 fe- 
males, were assembled. The basal diet 4+ contained 
82% whole wheat, 16% full-fat milk powder, and 
1.6% sodium chloride; 600 I. U. of vitamin A was 
added per 100 gm. of diet. Diets and distilled water 
were supplied ad libitum. Record was kept of the food 
intake of each group. DOP was added to the diets 
in the following percentages : 0% (control groups) ; 
0.1%, and 0.5%. Each group of 43 male and 43 
female rats was further subdivided in a serial killing 
program: (a) 4 rats were killed after 3 months; 
(b) 4 rats were killed after 6 months; (c) 10 rats 
were killed after 12 months, and (d) 24 rats were 
to be maintained on the diets for 24 months. At each 
killing period the body weights, food consumptions, 
and organ weights of liver, testes, kidneys, lungs, 
brains, stomach, heart, and spleen were recorded. A 
number of tissues were sampled for histological 
study ; these included heart, lungs, spleen, esophagus, 
stomach, small and large intestine, liver, kidney, 
testes, brain, and bone marrow. In addition, any 
pathological tissue was sampled and prepared for 
histological study. 


RESULTS 


Mortality —The over-all mortality during 


the two-year period was high. During the 
two-year test period 85%-96% of the rats 
died. There was no adverse effect on mor- 
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tality with increasing percentages of DOP 
in the diets. This confirms the observation 
of Carpenter and associates.* 

Body Weights——During the initial weeks 
growths of the several groups were roughly 
equivalent. The rats given the 0.1% diet 
grew a little more rapidly than the control 
groups. The addition of 0.5% DOP to the 
diet ultimately depressed growth somewhat. 
For example, at the end of a year the body 
weights of the control and the 0.1% group 
were practically identical, whereas the aver- 
age for the 0.5% group was approximately 
50 gm. less. In the second year, as the groups 
grew smaller, there was a general trend for 
the average body weights of all three groups 
to become more alike, and just before the 
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of the group given the 0.5% diet had fallen 
to about 75% that of the control group. The 
DOP intake calculated for the group given 
the 0.1% diet ranged between 0.05 and 
0.08 gm/kg/day and for the group given 
the 0.5% diet between 0.3 and 0.4 gm/kg/day. 
The higher figures were observed during 
the earlier part of the experiment, i. ¢., in the 
third to the sixth month. In the study of 
Carpenter and associates * the group given 
the diet containing 0.4% DOP ingested about 
0.2 gm/kg/day and exhibited no retardation 
of growth. The rats in the current study 
ingested nearly twice as much DOP daily 
and exhibited a growth reduction. The dif- 
ference may well be due to the higher dietary 
intake. 


Obser- 
vation 
Body Period, 
Reference Species Sex Strain Wt., Gm. Days Comments 
Oral Administration 
2 Rats Male Wistar 90-120 4 30.6 gm./kg.—L.D.s0 
1 Rats Male Wistar 136-214 None died with 34 gm./kg. 
Rats Male Wistar 163 ? None died with 61 ce./kg. 
2 Rabbits Male Albino 2,500-8,500 14 33.9 gm./kg—L.D.s0 
2 Dogs 8,200-10,600 3 2 gm./kg./day without effect 
2 Humans Male 


2 Rats Male Wistar 
Rabbits 
Female 


Intraperitoneal Administration 


5 gm. single dose, no effect 
10 gm. single dose, mild catharsis 


19-22 . 128 gm./kg. gave 5% mortality 
2 None died with 100 ec./kg. 
80.7 gm./kg.—L.D.s0 
149-198 None died with 24 gm./kg. 
281-861 2 None died with 71 ec./kg. 
3,200-4,000 21 31 ec./kg. tolerated 


end of the second year the averages for the 
three groups were numerically practically 
identical. This phenomenon is attributed to 
the small number of rats surviving in each 
group. 


Food Consumption.—Records of food dis- 
appearance maintained to the third month 
and again to the sixth month showed prac- 
tically no differences between the control 
group and the two experimental groups re- 
ceiving DOP. This confirms the observation 
of Carpenter and associates * that food utili- 
zation was the same in all their groups. 
By the end of the first year, however, the 
evidence indicated that the food consumption 


260 


Organ Weights——Only in the case of the 
liver and kidney was there any question of 
a systematic variation in average organ 
weights, either fresh weight or calculated 
on the basis of body weight. At three months 
and six months, for both the males and the 
females, fresh weights of liver and kidney * 
and weights calculated on the basis of body 
weights were elevated for the 0.5% group 
(Table 2). These data confirm the finding 
by Carpenter and associates * that livers and 
kidneys were enlarged when the diet con- 
tained 0.4% DOP. At 12 months and 24 
months, however, the fresh weights of the 


* Except the male kidney weights at six months. 
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TABLE 2.—Organ Weights of Rats Fed DOP 
(Milligram/Gram 


Body Weight) 


6 Mo. 12 Mo, 


Diet Groups Liver Kidney Liver Kidney Liver Kidney Liver Kidney 
Males 
30.2 7.4 26.4 7.0 32.4 7.1 41.9 8.1 
33.9 7.7 30.4 6.9 30.0 7.0 M4 1.7 
43.3 7.9 $2.3 6.7 98,7 7.0 41.9 8.1 


organs and the weights calculated on the 
basis of body weights did not differ signifi- 
cantly from group to group, mainly because 
there were only a few rats surviving at the 
end of the second year. 


Pathology.—Three Months: Rats were 
killed by decapitation at the times indicated 
above. The results of the histological exam- 
inations will be reported separately for the 
various feeding periods. Scattered foci of 
round cells were seen in the liver sections 


from the control group and also from both 
groups fed DOP. In the control rats occa- 
sional dilated renal collecting tubules were 


Females 


TABLE 3,.—Pathological Findings: Twelve Months 


27.2 7.0 31.8 74 42.8 8.5 
29.9 75 33.0 7A 35.0 8.0 
$5.3 7.9 27.3 7.6 37.6 8.0 


seen, One rat on the 0.1% DOP diet showed 
some tubular atrophy in one kidney section, 
and one rat on the 0.5% DOP diet exhibited 
occasional casts. One 0.5% DOP-fed rat 
showed marked tubular atrophy in one sec- 
tion of testis, and another showed mild 
changes, 


Six Months: In the livers of rats from 
the three groups there was an occasional 
focus of round cells. One rat of the 0.1% 
DOP group showed slight changes in some 
of the cord cells of the liver. In the kidneys 


of certain rats in each group there were 
occasional dilated tubules and casts. Calculi 


Diet 
Contro} 0.1% DOP 0.5% DOP 
Organ Males (8) Females (8) Males (8) Females (8) Males (8) Females (8) 
foeus of round-cell cytoplasm, 1 
round cells, 1 focus, 1 
Kidneys Casts,1 Small areas of Few hyaline Occasional Casts, 3 Cyst, 1; chronic 
Nephritis, 1 tubular dila- casts, 2 round-cell inflammation, 1 
tion, 2; pigment focus, 1; 
in tubule casts, 2 
epithelium, 1 
tubular 
atrophy, 2 
pneumonia, 3 ectasis, 3 pneumonia, 2 ectasis, 2; 
broncho- 
pneumonia 
w/abscess, 1 
of a coronary 
artery, 1 
phagocytosis, pigment, 1; 
1; excessive red cell phago- 
pigment, 1 cytosis, 1 
foei in sub- foei in sub- 
mucosa of mucosa of large 
stomach, 1 intestine, 1 


geneous eosino- 
philie coat over 
epithelium, 2 


. 
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were observed in the bladders of one of the 
male rats on the 0.1% diet and two of the 
male rats on the 0.5% diet; such calculi 
are found from time to time in control rats 
of our colony. One rat of the 0.5% group 
exhibited a small focus of round cells in the 
heart muscle. 

Twelve Months: The pathological findings 
at 12 months are presented in Table 3. Tis- 
sues from eight males and eight females 
from each of the three diet groups were ex- 
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and excessive pigment were seen occasionally 
in the spleens, suggesting that there had been 
at some time an infection by Salmonella. 
Twenty-Four Months: A thorough histo- 
logical examination of selected tissues from 
the relatively few animals that survived the 
full 24-month period revealed no evidence 
of any pathological change that was attrib- 
uted to the administration of DOP. Among 
the unrelated pathological findings listed in 
Table 4, the commonest were (a) lung 


Tas_e 4.—Pathological Findings: Twenty-Four Months 


Diet 
Control 0.1% DOP 0.5% DOP 
Organ Males (1) Females (1) Males (2) Females (2) Males (3) Females (4) 
Warts onfoot ...... Warts on foot Warts on foot 
1; foci of round 
cells, 1 
Kidneys Casts Casts Chronic Chronic Nephritis, 1; Nephritis, 3; 
nephritis, 2; nephritis, 1; casts, 2 cortical 
casts, 2 cortical searring, 1; 
scarring, 1; casts, 3 
casts, 2 
Gonads Arterial t,o rr Acute and Atrophy, 1; Vascular mass 
changes chronie endo- chronic endo- focal in fallopian 
metritis metritis, 1 necrosis, 1 tube, 1 
Lungs Bronchi- Bronchi- Minimal bron- Acute bron- Bronchiestasis, Bronchiectasis, 
ectasis ectasis chitis and chitis, 1; 1; acute bron- 1; acute chronic 
bronchiecta- minimal bron- chitis, 1; bronchitis, 1; 
sis, 2 chiectasis, 2 broncho- bronchopneu- 
pneumonia, 1 monia, 1; arte- 
riosclerosis, 1 


thickening of 
meninges, 1 


myocardial fibrosis, 1 
fibrosis 
pigment, 1 
in submucosa philes in sub- philes in sub- 
mucosa of mucosa of 
stomach, 1 small bowel, 1 
increase 
polys 


amined. Despite a number of findings of 
obscure pathogenesis, there were no changes 
in the tissues that were attributed to DOP. 
The findings are those observed customarily 
in rats of this age in our colony. Specifically, 
in the control rats there were typical ex- 
amples of bronchiectasis and of chronic 
nephritis. A slight testicular atrophy was 
found in two males. A rare periarteritis of 
the coronary artery was observed. In the 
rats given DOP, a bladder concretion was 
seen in one male. Red blood cell phagocytosis 
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disease, frequently fairly well advanced, and 
(b) chronic nephritis. Three of the rats 
showed warty tumors of the hindfoot, de- 
scribed as fibroliposarcomata. A rare mild 
cardiofibrosis was observed in two rats. 
Acute and chronic endometritis was seen in 
two rats. An example of a rare arteritis of 
the testis and an occasional focal atrophy 
or necrosis of the testis were seen. Small 
granulomata were found in the liver of one 
animal presumably as a result of some infec- 
tion. 
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TABLE 5.—Summary of Chronic Feeding Studies: Rats 


Daily DOP 
DOP in Food Intake, 
Diet, % Mortality Body Wt Consumption Gm./Kg. Organ Wt. Pathology 
Control 70," 96 Normal Normal 0 Normal Same as 
control rats 
0.04" Same as Same as Same as 0.02 Normal Same as 
control control control control rats 
01 Same as Same as Same as 0.04-0.08 Normal Same as 
control control control control rats 
0.13" Same as Same as Same as 0.06 Normal Same as 
control control control control rats 
0.4* Same as Lower Same as 0.20 Enlarged Same as 
control control liver and control rats 
kidney 
0.5 Same as Lower Lower 0.3-0.4 Enlarged Same as 
control liver and control rats 
kidney at 3 
and 6 mo. 


* Data from Carpenter, Weil, and Smyth.* 


SumMMARY OF Rat Stupies 


In Table 5 is presented in an abbreviated 
form a summary of the effects of DOP 
observed in chronic feeding studies of rats. 
The data from the work of Carpenter and 
associates * are included. Mortality was not 
increased by feeding 0.5% DOP or less in 
the diet. Body weights were normal when 
the diets contained up to 0.13%, but there 
was a retardation in growth at 0.4% or 
0.5%. Food consumption was the same as 
that of control rats when diets contained up 
to and including 0.4% in the study by Car- 
penter and associates,* but food consump- 
tion in the current study was lower when 
the diet contained 0.5%. In the current study, 
even though the dietary percentages are 
comparable, the intake of DOP was 50% 
to 100% greater. Organ weights were nor- 
mal when the diets contained up to and 
including 0.13%. Enlarged livers and kidneys 
were observed when the diets contained 
0.4% or 0.5%. At the end of the current 


TABLE 6.—Summary of Chronic Feeding Studies: Dogs 


study definitive comparisons of organ weights 
could not be made because of the very small 
number of rats that survived the two-year 
period. There were no specific histological 
lesions that were attributed to the adminis- 
tration of DOP. 


DOG FEEDING STUDIES 

Chronic Oral Toxicity—Two dogs were 
maintained for a period of 14 weeks on daily 
doses of DOP as follows: One was given 
5 gm/kg. daily by stomach tube; the second 
was given 0.1 gm/kg. mixed in the diet. The 
male dog given the larger dose lost little 
weight during the 14-week period (initial 
weight—27.1 kg.; final weight—25.5 kg.). 
The female dog given 0.1 gm/kg. gained a 
little weight (initial weight—10.4 kg.; final 
weight—11.3 kg.). Blood samples were taken 
for hematological examination prior to the 
study, at the midpoint, and at the end; all the 
values lay in the normal ranges. When the 
dogs were killed, samples of a number of 


Liver and 
Dogs, No. Daily Dose Body Wt. Hematology Kidney Wt. Pathology 

4 Control* 3/4 gained Normal Normal Normal 

4 0.08 ml./kg. 4/4 gained Normal Normal Normal 
for 19 doses* 
0.06 ml./kg. 
for 240 doses 

1 0.06 ml./keg. 4/4 gained Normal Normal Fatty changes in liver; 
for 77 doses* eloudy swelling in 
0.09 ml./ke. kidney 
for 169 doses 

1 0.1 gm./kg. 4/4 gained Normal Not recorded Normal 
for 14 wk. 

1 5.0 gem./ke. Slight loss Normal Not recorded Chronie cholecystitis; 
for 14 wk. hemosiderosis of spleen 

*Data from Carpenter, Weil, and Smyth.* 
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tissues were prepared for histological exam- 
ination. These included the following organs: 
lung, spleen, stomach, small and large in- 
testine, liver, gall bladder, pancreas, adrenal, 
kidney, urinary bladder, thyroid, gonads, 
brain, and bone marrow. The female dog 
given 0.1 gm/kg. daily had entirely normal 
tissues. The male dog given 5 gm/kg/day 
showed some chronic cholecystitis. There was 
also some hemosiderosis of the spleen, a con- 
dition not unusual in control dogs of our 
colony. 

The data available on the effects of DOP 
on dogs have been compiled in Table 6, in- 
cluding the work of Carpenter and associates 
on dogs given up to 0.09 ml/kg. daily for 
a period of one year. Body weight gains were 
recorded, except for one control dog and 
for the dog given 5 gm/kg/day. Normal 
hematological findings were observed. Liver 
and kidney weights were normal where re- 
corded. The only pathological changes re- 
lated to treatment were in the liver and kid- 
ney of the dog given 0.09 ml/kg. for 169 
doses and in the liver of the dog given 5 
gm/kg. daily for three months. In the 14- 
week studies 0.1 gm/kg. was a “no effect” 
level, whereas in the study of Carpenter and 
associates 0.09 ml/kg/day for one year was 
associated with toxic changes in the liver and 
kidney. 

SUMMARY 

Feeding 2-ethylhexyl phthalate for two 

years to rats was without detectable effect 
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when the diets contained about 0.1% or 
less. No specific histological changes were 
found in rats maintained on diets containing 
0.5%. Mild toxic changes occurred in three 
months when a dog was given 5 gm/kg. 
daily; 0.1 gm/kg. was without effect. The 
absence of serious toxic effects when rela- 
tively substantial amounts of DOP were ad- 
ministered for protracted periods to rats and 
dogs is good evidence that no serious injury 
will accrue to the workmen handling DOP 
in manufacturing or in plastics fabrication. 
The minute traces that may appear in non- 
fatty foods wrapped in plastics in which DOP 
is the plasticizer, on the basis of the animal 
studies, pose no threat of toxic hazard. 
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1. Ventilatory and Blood Gas Exchange Disturbances 


HURLEY L. MOTLEY, M.D. 
REGINALD H. SMART, M.D. 

and 

AARON VALERO, M.D., Los Angeles 


INTRODUCTION 


This is a report of complete pulmonary 
function studies made on 50 diatomite work- 
ers, 30 of whom were studied in cooperation 
with the United States Public Health Serv- 
ice in the 1954 survey of the diatomite indus- 
try, while the other 20 workers were studied 
to evaluate pulmonary insufficiency either in 
connection with compensation claims or be- 
cause changes were observed on the chest 
roentgenograms. 

Interest in the lung function changes 
which may be induced as a result of ex- 
posure to diatomaceous earth has been stimu- 
lated by a number of studies. Pneumoconi- 
osis in diatomite workers in California was 
reported by Legge and Rosencrantz ' in 1932. 
Vigliani and Mottura ? in 1948 made studies 
in two factories in Italy, including workers 
exposed to diatomite ignited in the process 
of candle manufacture. Heating crude diato- 
maceous earth forms crystalline cristobalite 
from amorphous silicon dioxide, a silicosis- 
producing substance. Smart and Anderson 
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in 1952 * presented extensive roentgenologi- 
cal, clinical, and laboratory findings on 
workers in five diatomite plants located in 
California, Oregon, and Nevada and con- 
cluded that diatomaceous earth produces a 
distinct type of pneumoconiosis. Few symp- 
toms and no apparent clinical disability were 
noted in workers exposed only to crude 
diatomaceous earth and natural powders. 
\ rapidly progressive pulmonary fibrosis, 
with coalescence and severe disability, was 
noted in some workers exposed to the cal- 
cined and flux-calcined powders and without 
evidence of infection. Fresh- 
water diatomite appeared less toxic than the 
salt-water type. 


tuberculosis 


Carnes + in 1954 reported lung pathologi- 
cal studies on 27 persons who had been ex- 
posed to diatomaceous earth. Six of the 
cases had severe dyspnea associated with 
massive confluence of lesions in the upper 
third of the lungs, with extensive fibrosis 
and necrosis, further complicated by severe 
emphysema and spontaneous pneumothorax. 
In the group with simple linear exaggeration 
of the x-ray, there were no pulmonary symp- 
toms. Vorwald* and workers found that 
flux-calcined diatomaceous earth was more 
hazardous than the natural diatomite in ani- 
mal experimentation but that both types 
produced an inflammatory response which 
resulted in various degrees of fibrosis and 
hyalinization. 

* Reference 3; Smart, R. H., and Anderson, 
W. M.: Clinical and X-Ray Aspects of Pneumo- 
coniosis Due to Diatomaceous Earth, read before 
the McIntyre Research Foundation Conference on 
Silicosis, Noranda, Que., Canada, Jan. 28, 1952. 

+ Carnes, W. H.: Diatomaceous Earth Pneumo- 
coniosis, read in the Symposium on Special Forms 
of Pulmonary Dust Disease before the American 
College of Chest Physicians, San Francisco, June 
19, 1954. 
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METHODS 


Spirogram recordings5 on the 13.5 liter respi- 
rometer were made to determine the total vital 
capacity, the time vital capacity for three seconds, 
and the maximal breathing capacity before and 
after a bronchodilator treatment. Residual air was 
measured by the oxygen open-circuit method pre- 
viously described. The residual measurements were 
made with the subjects in a fasting and resting 
state, supine. Duplicate residual air measurements 
were routine and were required to check within 
100 ml.; otherwise, the test was repeated. The 
alveolar nitrogen sample was taken just above the 
mouthpiece after seven minutes of oxygen breathing. 

Arterial blood samples were obtained from the 
brachial artery, both at rest and immediately after 
exercise, with the use of an indwelling Cournand- 
type needle. Oxygen content and capacity and car- 
bon dioxide content determinations were made in 
duplicate by two trained technicians using different 
manometric Van Slyke analyses and repeated unless 
close checks were obtained. The arterial blood 
oxygen saturation per cent was also determined 
on the Water’s oximeter,? double-scale cuvette with 
the use of whole blood. The double-scale cuvette 
method has been found in this laboratory to check 
consistently within 1% of the Van Slyke method 
for blood oxygen saturation. The pH was measured 
on a Cambridge glass electrode. The arterial pO, 
and pCO. were determined by the direct tension 
method of Riley.* 

Oxygen uptake and carbon dioxide output were 
calculated from the percentage of oxygen and car- 
bon dioxide in the expired air, as determined in a 
Scholander gas analyzer. The exercise consisted in 
stepping up and down on a stool, 20 cm. high, 30 
times in one minute. The minute ventilation was 
measured during the basal rest period and during 
the one minute of step-up exercise. The minute 
ventilation and oxygen uptake were expressed at 
standard temperature and pressure. The duration 
of dyspnea (shortness of breath), as reported by 
the patient, was timed following the step-up exer- 
cise test. 


The alveolar pOz was calculated as follows 
__ (arterial pCO2 
(1) inspired pO. (corrected) 
and the physiological dead space was calculated 
(2) tidal air x pCOz—expired —dead 


arterial pCOz 


space in apparatus. 


MATERIAL FOR STUDY 


The 30 subjects in the survey group were selected 
through the cooperation of the United States Public 
Health Service in their full-scale investigation of 
the diatomite industry, including the environmental 
studies of plants and the clinical and roentgenologic 
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examination of all employees. This group was a 
representative cross section of the men on the job 
in the diatomite industry, chosen with respect to 
age, chest roentgenogram, and type and length of 
exposure and selected for study as part of the 
routine survey to provide objective measurements 
in evaluating the health hazard in the industry. The 
nonsurvey group consisted of 11 cases which were 
studied because of clinical symptoms of disability 
and 9 cases which were studied because of changes 
in the appearance of serial chest roentgenograms. 

All the chest roentgenograms were classified ac- 

cording to the plan adopted by the United States 
Public Helath Service Survey. The U.S. P. H.S. 
interpretation was used for the survey cases, and one 
of us (R. H. S.) classified the nonsurvey cases 
according to the same plan. The linear and nodular 
changes were grouped together, and the classifica- 
tion was simplified as indicated below : 

LN,--Suspicious for linear-nodular changes. 

LN-z—Definitely abnormal linear changes, nodular 
changes, or both, involving an area less 
than the equivalent of two quadrants of 
the lung field. 

LN;—Linear changes, nodular changes, or both, 
involving more than one-half of the total 
lung area or extending to or nearly to the 
periphery of both lung fields bilaterally. 

C:—Confluent shadows of uncertain or ambig- 
uous significance, superimposed on any of 
the foregoing. 

C.—Massive confluent opacities definitely pres- 
ent, extending over less than the equivalent 
of three anterior rib spaces on either side. 

C:—Massive confluent opacities definitely pres- 
ent, extending over the equivalent of three 
or more anterior rib spaces on either side. 

C,—Massive confluent opacities, associated with 
gross distortion of the pulmonary anatomy. 


RESULTS 


The pulmonary function data on the 50 
cases are presented in the Table by groups. 
The average total vital capacity was mod- 
erately decreased in Group 2 (11 cases with 
clinical symptoms of disability) and was 
normal in the other groups (Group 1, 30 
survey cases; Group 3, 9 cases with chest 
roentgenologic abnormalities). The average 
timed vital capacity for three seconds in 
the standing position was normal for the 
Survey Group 1, markedly decreased in 
Group 2, and slightly decreased in Group 3. 
Some of the subjects in Group 1 and Group 3 
had a moderate decrease in the timed vital 
capacity for three seconds. The average 
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Basis of Study 


BGG, 
Body surface @rea, 8Q. M. 
Vital capacity, supine, ml. ..........00eseeeee Observed 
% predicted 
Timed vital capacity, 3 see., ml. ............ Observed 
% predicted 
Maximal breathing capacity, 1./min. ....... Observed 
% predicted 
Alveolar Ne % after oxygen, 7 min. ........ 


% predicted 


Residual % total lung capacity.............. 
Arterial blood % saturation, O2............. Rest 
Exercise 
Arterial blood carbon dioxide content, Rest 
WEL Exercise 
Minute ventilation, 1./min./sq. m./BSA...... Rest 
Exercise 
Oxygen uptake, ce./min./sq. m./BSA......... Rest 
Exercise 
Oxygen, % extracted from inspired air Rest 
Exercise 
Resting tension measurements direct, Arterial pCO2 


Alveolar 
Inspired alveolar pOs difference, mm. Hg... 
Alveolar arterial pOe difference, mm. Hg.... 
Physiological dead space, rest, ml. .......... 
Effective tidal air, rest, % 


maximal breathing capacity was normal in 
Group 1; however, one subject had a value 
only 68.7% of the normal predicted, a mod- 
erate decrease. In Group 2 the average maxi- 
mal breathing capacity was markedly de- 
creased, with the lowest measurement only 
19.3% of the normal predicted. In Group 3 
the average maximal breathing capacity was 
decreased slightly, with one measurement as 
low as 49.8% of the normal predicted, a 
marked decrease. 

The average residual air capacity was in- 
creased slightly in Group 1, markedly in- 
creased in Group 2, and slightly increased 
in Group 3. Considerable individual varia- 
tion in the absolute value of the residual air 
volume was noted in all groups, as shown by 
the range in the Table. The average residual 
percentage of total lung capacity was 23.7 
for Group 1 (normal '°), 45.6 for Group 2, 
and 27.7 for Group 3. When the residual 
ratio to total lung capacity was correlated 
in the individual cases with respect to age 
and the roentgenologic appearance of the 


DIATOMACEOUS 


Pulmonary Function Studies in Fifty Cases of Diatomite Workers 


EARTH WORKERS 


Clinieal Symptoms Roentgenologie 
Survey, of Disability, Abnormalities, 
Group 1 (30 Cases) Group? (11 Cases) Group 3 (9 Cases) 
Average Range Average Range Average Range 
39 23-59 52 34-69 43 32-63 
1.88 1.68-2.19 1.7% 1.63-2.15 1.82 1.62-2.11 
4,742 3,740-5,964 2,711 1,380-3,911 4,374 3,860-6,115 
106.4 90.3-137.7 66.2 36.2-98.7 101.0 81.8-135.6 
4,500 2,972-6,138 2,088 4,082 3,040-5,920 
100.8 65.2-121.4 49.8 26.6-81.0 94.2 64.4-131.3 
149.6 84.9-228.0 45.9 21.6-115.2 121.5 82.0-158.4 
102.5 68.7-132.4 36.5 19.3-90.4 89.0 49.8-111.2 
1.04 0.45-4.30 2.96 0.52-4.68 1.23 0.59-1.97 
1,506 803-2,802 2,298 1,424-4,301 1,683  1,023-2,630 
113.4 67.6-200.6 169.9 105.7-345.4 115.9 83.0-167.3 
23.7 15.4-40.8 45.6 29.6-59.4 27.7 19.2-40.5 
100.3 70.1-119.0 49.5 29.7-83.9 92.2 58.6-114.6 
4.9 89.8-97.4 93.2 90.1-96.3 93.9 90.4-96.3 
93.3 89.3-96.6 94 82.2-95.0 93.3-96.9 
46.02 40.65-51.60 47.45 41.95-53.70 45.5 43.5-50.0 
45.35 39.10-51.40 46.65 41.50-56.15 43.5 39.2-45.6 
3.45 1.98-5.29 3.74 2.40-5.23 3.66 3.01-4.56 
10.75 9.90 8.13-13.26 11.50 7.82-20.55 
131 95-160 134 95-159 124 106-132 
aM 388-638 422 294-532 481 382-592 
3.98 2.75-6.02 3.78 2.66-5.22 3.43 2.32-4.38 
4.85 2.38-6.48 4.31 3.18-4.94 4.38 2.81-5.14 
6s 23-126 105 45-148 St 40-180 
41.3 33.0-55.1 
90.8 77.8-107.4 
96.9 80.6-113.8 
514 33-69.8 
6.1 0.0-20.3 
136 46-240 
68.7 OA-88 


chest (Fig. 1), all the subjects except one 
worker in the survey group were found to 
have a residual ratio to total lung capacity 
less than 35%. Five cases in Group 2 had 
residual ratios of 50% or more of total lung 
capacity (severe to very severe pulmonary 
emphysema). No apparent correlation was 
noted of the chest roentgenologic appearance 
and the residual ratio of total lung capacity 
(Fig. 1). In the 10 subjects with a signifi- 
cant degree of pulmonary emphysema, all 
showed conglomerate changes on the x-ray, 
but conglomerate changes in varying degrees 
were present in others without emphysema 
(Fig. 1). 

When the maximal breathing capacity as 
per cent of the predicted normal was cor- 
related with the residual per cent of total 
lung capacity in the survey group, there 
were only two instances in which the maxi- 
mal breathing capacity was less than 80% 
of the normal predicted (Fig. 2). In eight 
of the nonsurvey group with clinical symp- 
toms of disability the maximal breathing 
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Fig. 1-—Correlation of 
residual per cent of total DIATOMITE STUDY. 
ny lung capacity, age in O@@=SURVEY CASES 


years, and chest roent- O- NEGATE. X-RAY ¥ 
zenologic appearance in 50 NOOULAR 15ST. ¥ 
W— CONGLOMERATE- THIRO. 


diatomaceous earth work- 
7 ers. The group includes 50 
30 survey cases, indicated ° 
by circles, and 20 others, 
indicated by squares. The 
number of dots attached 
: below the circle or square 
indicates the stage of nod- 
ularity (1, 2, or 3), and 
the number of dots above, 
the degree of conglomer- 
ate change (1, 2, 3, or 4). 
t The open circles indicate 
negative x-rays. There 

was a significant degree 

of pulmonary emphysema 

(residual greater than 

35% of total lung capaci- 

ty) in 10 cases, which 

included 1 of the survey 
e group. There was no ap- 15 
parent correlation of the 
x-ray change with the 
residual air ratio of total 
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all the cases with a significant degree of pulmonary emphysema had conglomerate x-ray changes. 
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: capacity was very markedly decreased (Fig. survey cases in the absence of a significant 
2). In one of the survey cases with a signifi- degree of pulmonary emphysema. 
cant degree of pulmonary emphysema the The alveolar nitrogen per cent after 


maximal breathing capacity was only slightly breathing oxygen for seven minutes was 
decreased. A slight decrease was noted in normal in Group 1 and in Group 3 but was 
the maximal breathing capacity in 10 of the moderately increased in Group 2 (Table). 


q 
Fig. 2—Relationship of 
| maximal breathing ca- 
a pacity as per cent of the 
30, I predicted normal with the 
| residual per cent of total 
45 lung capacity. The circles 
| -epresent the survey cases, 
and the squares, the non- 
| 
survey cases. The maxi- 
| mal breathing capacity 
ra | was 80% or greater of the 
persons in the survey 
| e group except two. There 
30+ ¥ was a marked decrease 
2 e e in the maximal breathing 
as & capacity in 10 of the non- 
ig 25+ | survey group, as shown 
« above. The maximal 
DIATOMI TE Be e breathing capacity was 
| @=SURVEY CASES | decreased only slightly in 
| 6 the one survey case with 
| a significant degree of 
St. ulmonary emphysema. 
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268 


| | " | 


PULMONARY STUDIES IN DIATOMACEOUS EARTH WORKERS 
T 
| 
nor 
Oe ° 
Fig. 3.—Correlation of | ge 
the ventilation factor as er--- + 
per cent of predicted nor- 
mal with age in years. | e 
The circles represent the 90;-- ° is 
survey cases, and the | & 4 s 
squares, the nonsurvey. 
x-rays; solid circles or et. 
squares are conglomerate, 
and the others are nod- 0 a 
ular. All the survey cases < 
greater than 80% of the 
normal predicted except ° | 
one (70%). The ventila- & 50+ 
tion factor was very 
markedly decreased = 
: 25 30 35 40 45 50 55 60 5 70 


However, some of the survey cases showed 
elevated alveolar nitrogen values, indicating 
impairment in the uniformity of air distribu- 
tion in the lung, and one was very high 
(4.3%). 

The average ventilation factor was normal 
in Group 1, markedly decreased in Group 
2, and decreased slightly in Group 3. The 
ventilation factor approximates on a_per- 
centage basis the efficiency of the lungs as 
a bellows, and the value is determined from 
the average of three measurements, all ex- 
pressed as per cent of the normal predicted, 
namely, the three-second vital capacity, the 
maximal breathing capacity, and the residual 
air capacity as per cent of total lung capacity. 
In the survey group the lowest observed 
ventilation factor measurement was de- 
creased in a moderate degree only, while in 
Group 2 the lowest observed measurement 
was very markedly decreased and in Group 3 
markedly decreased. When the ventilation 
factor was correlated with the age and the 
chest roentgenologic appearance by indi- 
vidual cases (Fig. 3), all the survey cases 
except one had ventilation factors greater 
than 80% of the normal predicted. In nine 
cases with clinical symptoms of disability 


the ventilation factor was very markedly 
decreased (Fig. 3). 

A correlation was made of exposure time 
in the mill with the ventilation factor of 40 
of the subjects who had a work history of 
two or more years in the mill (Fig. 4). A 
severe degree of ventilatory disturbance was 
noted to occur in as short a period of time 
as 2 to 4 years for mill exposure in some 
cases, while in others even after 14 to 20 
years in the mill the ventilation factor was 
still only slightly decreased. Conglomerate 
x-ray changes were observed in some work- 
ers alter two years’ exposure in the mill, 
but changes in the ventilation factor were 
variable, and in some no decrease was noted. 
In one instance, a worker with a 24-year 
work history in the mill had a chest roent- 
genogram showing linear-nodular changes, 
the 
( Fig. 4). 


ventilation factor was normal 

The arterial blood oxygen saturation was 
decreased slightly at rest in Survey Group 
1, moderately decreased in Group 2, and 
slightly to moderately decreased in Group 3. 
The the arterial blood 


oxygen saturation per cent for each of the 


absolute level of 


cases with step-up exercise was correlated 
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Fig. 1.—Correlation of 
residual per cent of total 


lung capacity, age in 
years, and chest roent- 
zenologic appearance in 50 
diatomaceous earth work- 
ers. The group includes 
30 survey cases, indicated 
by circles, and 20 others, 
indicated by squares. The 
number of dots attached 
below the circle or square 
indicates the stage of nod- 
ularity (1, 2, or 3), and 
the number of dots above, 
the degree of conglomer- 
ate change (1, 2, 3, or 4). 
The open circles indicate 
negative x-rays. There 
was a significant degree 
of pulmonary emphysema 
(residual greater than 
35% of total lung capaci- 
ty) in 10 cases, which 
included 1 of the survey 
group. There was no ap- 
parent correlation of the 
x-ray change with the 
residual air ratio of total 
lung capacity; however, 


all the cases with a significant degree of pulmonary 


capacity was very markedly decreased (Fig. 
2). In one of the survey cases with a signifi- 
cant degree of pulmonary emphysema the 
maximal breathing capacity was only slightly 
decreased. A slight decrease was noted in 
the maximal breathing capacity in 10 of the 
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emphysema had conglomerate x-ray changes. 


survey cases in the absence of a significant 
degree of pulmonary emphysema. 

The alveolar nitrogen per cent after 
breathing oxygen for seven minutes was 
normal in Group | and in Group 3 but was 
moderately increased in Group 2 (Table). 


Fig. 2.—Relationship of 
maximal breathing ca- 
pacity as per cent of the 
predicted normal with the 
residual per cent of total 
lung capacity. The circles 
-epresent the survey cases, 
and the squares, the non- 
survey cases, The maxi- 
mal breathing capacity 
was 80% or greater of the 
predicted normal in all 
persons in the survey 
group except two. There 
was a marked decrease 
in the maximal breathing 
capacity in 10 of the non- 
survey group, as shown 
above. The maximal 
breathing capacity was 
decreased only slightly in 
the one survey case with 
a significant degree of 


pulmonary emphysema. 


< 
> 
” 
‘ « 
268 


PULMONARY STUDIES IN 


DIATOMACEOUS 


EARTH WORKERS 


Fig. 3.—Correlation of | 
the ventilation factor as 
per cent of predicted nor- 
mal with age in years. 
The circles represent the 90-- fo 
survey cases, and _ the 
squares, the nonsurvey. 
Open circles are negative 80} 
x-rays; solid circles or 
squares are conglomerate, 
and the others are nod- 
ular. All the survey cases 
had a ventilation factor 
greater than 80% of the 
normal predicted except 
one (70%). The ventila- 
tion factor was very 
markedly decreased in 
nine of the nonsurvey 
group. 
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However, some of the survey cases showed 
elevated alveolar nitrogen values, indicating 
impairment in the uniformity of air distribu- 
tion in the lung, and one was very high 
(4.3%). 

The average ventilation factor was normal 
in Group 1, markedly decreased in Group 
2, and decreased slightly in Group 3. The 
ventilation factor approximates on a_per- 
centage basis the efficiency of the lungs as 
a bellows, and the value is determined from 
the average of three measurements, all ex- 
pressed as per cent of the normal predicted, 
namely, the three-second vital capacity, the 
maximal breathing capacity, and the residual 
air capacity as per cent of total lung capacity. 
In the survey group the lowest observed 
ventilation factor measurement was de- 
creased in a moderate degree only, while in 
Group 2 the lowest observed measurement 
was very markedly decreased and in Group 3 
markedly decreased. When the ventilation 
factor was correlated with the age and the 
chest roentgenologic appearance by indi- 
vidual cases (Fig. 3), all the survey cases 
except one had ventilation factors greater 
than 80% of the normal predicted. In nine 


cases with clinical symptoms of disability 


the ventilation factor was very markedly 
decreased (Fig. 3). 

A correlation was made of exposure time 
in the mill with the ventilation factor of 40 
of the subjects who had a work history of 
two or more years in the mill (Fig. 4). A 
severe degree of ventilatory disturbance was 
noted to occur in as short a period of time 
as 2 to + years for mill exposure in some 
cases, while in others even after 14 to 20 
years in the mill the ventilation factor was 
still only slightly decreased. Conglomerate 
x-ray changes were observed in some work- 
ers alter two years’ exposure in the mill, 
but changes in the ventilation factor were 
variable, and in some no decrease was noted. 
In one instance, a worker with a 24-year 
work history in the mill had a chest roent- 
genogram showing linear-nodular changes, 
and the 
(Fig. 4). 


ventilation factor was normal 

The arterial blood oxygen saturation was 
decreased slightly at rest in Survey Group 
1, moderately decreased in Group 2, and 
slightly to moderately decreased in Group 3. 
The arterial blood 
oxygen saturation per cent for each of the 
cases with step-up exercise was correlated 


269 


absolute level of the 


° 
= 
| 
| 
a 
| 
| 
“ae 
q 


A. 


ARCHIVES OF INDUSTRIAL HEALTH 


At 
[ve 
li ® @ 


Fig. 4.—Correlation of 
the ventilation factor as 
per cent of predicted nor- +100 g t 
mal with years of expo- 
sure in the mill. Data 
presented on 40 cases +90 
with a history of working 
two years or more in the 
mill. The individual cases 
are represented on the 
chart as described for 
Figure 3. No apparent 
correlation was noted of 
time exposure in the mill +60 
with decreases in the ven- z 
tilation factor. A very 
marked decrease in the 
ventilation factor may oc- } 
cur after 2 to 4 years’ : 8 
exposure, or some may “40 & e 
show only a slight de- 
crease after 10 to 20 years. 
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with the ventilation factor and the chest 
roentgenologic appearance (Fig. 5). The 
arterial blood oxygen saturation with exer- 
cise was less than 92% in only two of the 
survey cases. Six of the nonsurvey group 
had an exercise saturation below 92%, and 
in one case this was markedly decreased 
(82.2%). In four of the nonsurvey cases, 


even though the ventilation was markedly 
impaired (low ventilation factor), the exer- 
cise arterial blood oxygen saturation was 
above 92%. There was no apparent correla- 
tion of the appearance of the chest roent- 
genogram with the exercise arterial blood 
oxygen saturation (Fig. 5). The changes in 
the exercise arterial blood oxygen saturation 


Fig. 5.—Correlation of 


EXERCISE-ARTERIAL BLOOD T TU6 the step-up exercise ar- 
Op SATURATION % ° terial blood oxygen sat- 
-N AR on factor i1 50 cases. 
@e The individual cases are 
escri or Figure 3. 
2 | | e The exercise arterial blood 
907- °° i oxygen saturation was 
| | 92% or more for all the 
| ; a survey group except two. 
|e patients with severe ven- 
70: & | i tilatory impairment, the 
| | exercise arterial blood 
nn] | oxygen saturation was 
| six others of the nonsur- 
| | | vey group had saturations 
50+ | | less than 92%, one being 
a. J 82.2%, the lowest. The 

| exercise arteria oc 
40% - -=----- - - -|-.-g- oxygen saturation changes 
| t do not appear to be as 
| | | significant a factor in the 
30+ | 4 pulmonary function im- 
a | | | | pairment as the changes 
87 868 69 90 82 93 96 | observed on the ventila- 
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generally (which deviate more from the 
normal predicted of 96% -98% than the rest- 
ing values) appeared to be of small magni- 
tude in association with the degree of 
pulmonary insufficiency on the ventilatory 
side which may be present in diatomite 
pneumoconiosis. 

The carbon dioxide content was found to 
be in the normal range during both rest and 
exercise in the three groups, and even in 
patients with a severe degree of pulmonary 
function impairment it was only slightly to 
moderately increased at the most (Table). 


Fig. 6.—Correlation of 


DIATOMACEOUS 


EARTH WORKERS 
the blood perfusing the poorly ventilated 


alveoli as compared with breathing of 
ambient air. If the arterial blood oxygen 
saturation was to normal with 


intermittent positive-pressure breathing of 


increased 


compressed air only, an impairment in alve- 
olar aeration was indicated, as the slight 
increase in the inspired pO. with the pres- 
sure breathing was of insufficient magnitude 
to overcome a diffusion difficulty if any 
existed. This has been further tested with 
the use of a high-oxygen breathing mixture 
(30% oxygen) during the step-up exercise, 


resting arterial blood oxy- 
gen saturation when low- 
er than normal and the 
changes induced by inter- 
mittent positive-pressure 
breathing of compressed 
air only, correlated with 
age and x-ray change in 
24 cases. The individual 
cases are represented on 
the chart as described for 
Figure 3. The length of 
the arrow for each case 
indicates the change in ar- 
terial blood oxygen sat- 
uration induced by the 
intermittent positive-pres- 
sure breathing of com- 
pressed air only. In 18 
instances of pressure 
breathing of air, the ar- 
terial blood oxygen sat- 
uration was 96% or more. 
In two instances there 
was a very slight de- 
crease, and in the other 
four an increase resulted 
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but was less than the nor- 


mal value of 96%. The saturation change noted with the pressure breathing was similar regardless of 


the x-ray appearance. 


The arterial blood pH as measured on the 
glass electrode was also normal, both during 
rest and during exercise, in all groups. 

The nature of the decrease in the arterial 
blood oxygen saturation was studied in the 
supine position in 24 cases with a resting 
arterial blood oxygen saturation less than the 
96%-98% normal predicted, with the use 
of intermittent positive-pressure breathing 
of compressed air only as the diagnostic 
test (Fig. 6). Intermittent positive-pressure 
breathing assists inflation of the lungs and 
may improve ventilation in poorly ventilated 
alveoli, thereby increasing the saturation of 


and the normal predicted saturation of 97% 
or more on the high-oxygen breathing was 
not observed. The use of a high-oxygen 
breathing mixture during exercise did not 
restore the blood saturation to the normal 
level in the subject with a low value when 
breathing air. Data on the arterial blood 
oxygen saturation per cent from one typical 
case were as follows: resting, 93.4% ; inter- 
mittent positive-pressure breathing at rest 
with compressed air, 96.0% ; step-up exer- 
cise with air breathing, 93.8%; step-up 
exercise breathing 30% oxygen, 94.8%, and 
breathing 100% oxygen at rest, 97.4%. The 
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intermittent positive-pressure breathing re- 
stored to a normal level of 96% or more 
the abnormal, decreased resting arterial 
blood oxygen saturation in all the 24 cases 
except 6 (Fig. 6). In two of the cases there 
was a very slight decrease with the inter- 
mittent positive-pressure breathing, and in 
the other four cases a significant increase 
in the saturation occurred but the normal 
level was not reached. This indicates shunt- 
ing of a sufficient quantity of blood through 
nonventilated areas even at rest to give an 
abnormal lowering of the saturation. No ap- 
parent correlation was noted between the 
improvement in the arterial blood oxygen 
saturation which followed the pressure 
breathing of air and the appearance of the 
chest roentgenogram. The data obtained to 
date indicate the lowering of the arterial 
blood oxygen saturation, both at rest and 
with exercise, as being due primarily to 
poorly ventilated alveoli and, in some cases, 
especially with exercise, to shunting of blood 
through nonventilated areas with the in- 
creased cardiac output associated with ex- 
ercise. 

The pulmonary ventilation measurements 
reveal wide individual variations, with a 
very marked decrease in the exercise oxygen 
uptake in some of the cases in Group 2 
(Table). The per cent of oxygen extracted 
from the inspired air breathed was quite 
variable and was not of much help in evalu- 
ating the degree of pulmonary insufficiency. 
The dyspnea time in seconds following the 
one-minute step-up exercise also revealed a 
wide individual variation, and that was of 
limited value in helping to assess the degree 
of pulmonary insufficiency. 

Direct tension measurements of arterial 
blood at rest (pCOz2 and pOz) were obtained 
on the 30 survey cases, and the alveolar 
pOz was calculated." The average inspired 
alveolar pO» difference was 51.4 mm. Hg, 
with a range of 33 to 69.8. The average 
alveolar arterial pO» difference was 6.1 mm. 
Hg, with a range of 0 to 20.3. The data 
from the direct tension studies did not indi- 
cate the presence of a diffusion difficulty or 
a block of the alveolar capillary membrane. 
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The average physiological dead space in the 
survey group (calculated from the arterial 
pCOz by direct measurement and the ex- 
pired pCO.) was 136 ml., with a range of 
46 to 240 ml. The average effective tidal 
air for the survey group was 68.7%, with a 
range of 54 to &8. 


COMMENT 


The pulmonary function studies indicate 
that early changes in diatomaceous earth 
pneumoconiosis are commonly reflected in 
an increased residual air or a reduced maxi- 
mal breathing capacity, or both, while dis- 
turbances in the blood gas exchange are 
of less significance. Pulmonary function 
measurements on patients with pulmonary 
emphysema reveal the major difficulty as 
increased breathing resistance for moving 
air in and out of the lungs,’* and two im- 
portant factors altered are maximal breath- 
ing capacity and increased residual air, In 
the group of 30 survey cases only 1 case 
had a_ significant degree of pulmonary 
emphysema, on the basis of residual ratio 
to total lung capacity, although various de- 
grees of x-ray abnormalities were present. 
However, the average absolute value of the 
residual air capacity was slightly increased 
in the survey group, in some cases markedly 
so. As the total vital capacity was still good, 
the ratio of residual air to total lung capac- 
ity was not significantly increased, and, since 
there is a large breathing reserve normally 
present in the lung, the increase in the abso- 
lute volume of the residual air did not 
constitute a significant factor in disability. 
However, in those cases where the residual 
air capacity was significantly increased there 
is a potential hazard, and these cases should 
have follow-up studies at suitable intervals 
to evaluate progression if it occurs. The 
presence of an alveolar nitrogen of 4.3% in 
one case indicates a severe disturbance in 
the uniformity of air distribution in the 
lung. 

The maximal breathing capacity was mod- 
erately decreased in some of the survey 
cases, and this represents a definite abnor- 
mality, even though the lowest actual figure 
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measurement observed was 84.9 liters per 
minute, a figure high enough in general to 
denote freedom from dyspnea except with 
more strenuous exertion. The 
breathing capacity test has a wide spread 
between the normal and the most abnormal 
and represents a valuable sensitive test to 
detect early lung function changes and in 
screening tests.° 


maximal 


Spirogram recordings of 
the timed vital capacity and the maximal 
breathing capacity in the Public Health sur- 
vey of diatomite workers were not sig- 
nificantly impaired in any of the groups 
except those with definite confluent changes. 
The average maximal breathing capacity in 
the survey group was increased from 149.6 
to 160.9 liters per minute after one broncho- 
dilator treatment with isoproterenol ( Isuprel ) 
and intermittent positive-pressure breathing, 
and 17 cases showed a significant increase 
of 10 or more liters per minute. There was 
a significant increase in the maximal breath- 
ing capacity in 11 of the nonsurvey group 
after the bronchodilator treatment. Broncho- 
spasm is thus of frequent occurrence. 

Spirogram tracings of total vital capacity, 
the timed vital capacity for three seconds, 
and the maximal breathing capacity provide 
very significant information that is easy to 
obtain, and if these measurements show a 
reduction on serial studies more complete 
studies should be done on pulmonary func- 
tion, including the residual air measurement. 
However, in some persons the residual air 
volume may be markedly increased and the 
spirogram essentially normal. 

In general, the major abnormalities re- 
vealed in this study of diatomite pneumoconi- 
osis are on the ventilatory side, best rep- 
resented by the ventilation factor. In the 
group studied because of the clinical problem 
of disability, the average ventilation factor 
was markedly decreased, and some of the 
cases had a very low figure (29.7% of nor- 
mal). The increased residual air was also 
a striking change in the disabled group as 
compared with the survey group, with 
smaller although significant changes noted 
in the timed vital capacity. 


DIATOMACEOUS 


EARTH WORKERS 
The changes noted in the arterial blood 


saturation in diatomite 


oxygen pneumo- 
coniosis were much less striking than 


the ventilatory changes, and this was true 
even in the group with clinical symptoms 
of marked disability, the resting 
arterial blood oxygen saturation was above 


where 


90% in all cases and in only a small number 
was decreased below 90% with exercise. 
The marked decrease in the exercise oxygen 
uptake in a few of the disabled cases indicates 
increased pulmonary vascular resistance,® 
but this change was not evident in the other 
two groups. The arterial blood COz content 
and pH, both during rest and during exer- 
cise, were not significantly altered. Direct 
tension measurements of the arterial blood 
at rest in the survey group did not lend any 
evidence to a diffusion difficulty, as judged 
by the alveolar arterial pO, difference, even 
when the saturation was decreased markedly. 
Diagnostic studies with intermittent positive- 
pressure breathing with compressed air only 
at rest and with a high-oxygen breathing 
mixture (30% oxygen) during step-up exer- 
cise indicate that the factors responsible for 
the lowering of the arterial blood oxygen 
saturation are poorly ventilated alveoli and 
some shunting of blood, especially during 
exercise. 

No apparent correlation was noted be- 
tween the pulmonary function measurements 
and the chest roentgenologic appearance in 
this series of 50 cases. These studies indicate 
that evaluation of the pulmonary function 
impairment cannot be made accurately from 
the x-ray, although studies are needed on 
a larger series of survey cases before a final 
conclusion can be made. Serial follow-up 
studies are needed to evaluate progression 
with clinical and x-ray changes. Serial pul- 
monary function studies in cases showing 
slight to moderate changes in a reduced 
maximal breathing capacity and/or an in- 
creased residual air volume appear to be a 
valuable aid in preventing the development 
of the advanced stage observed in Group 2, 


with clinical symptoms of disability. 
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SUMMARY 


A slight to moderate decrease in the maxi- 
mal breathing capacity and/or increase in 
the residual air capacity represent frequent 
early pulmonary function changes in diato- 
mite pneumoconiosis. 


Impaired alveolar aeration and perfusion 
of blood through nonventilated areas, espe- 


cially during exercise, are the major factors 
decreasing arterial blood oxygen saturation. 
However, the changes in the blood gas ex- 
change are of a much smaller magnitude as 
compared with the ventilatory side. 

Diatomite pneumoconiosis may produce a 
far-advanced degree of pulmonary function 
impairment, with a very severe degree of 
emphysema, accompanied by a very marked 
decrease in the timed vital capacity and 
maximal breathing capacity, a marked lower- 
ing of the arterial blood oxygen saturation, 
and a marked decrease in exercise oxygen 
uptake. 

No apparent correlation was noted in the 
present study between the pulmonary func- 
tion measurements and the chest roent- 
genologic appearance. The evidence from 
the present study indicates that disability 
evaluation cannot be made accurately from 
the x-ray appearance of the chest. 

Serial follow-up studies of pulmonary 
function with the use of spirogram screening 
tests and residual air measurements appear 
to be the most reliable procedures to prevent 
the occurrence of the severely disabled condi- 
tion observed in a of the diatomite 
workers. 

Pulmonary function studies are needed 
on a larger series of survey cases, and serial 
follow-up studies should be made on selected 
cases. 
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Scientific Exhibits 


CONTROL OF VIRAL INFECTIONS WITH MODIFIED LIVE VIRUSES 


VICTOR J. CABASSO, Sc.D. 


HERALD S. COX, Sc.D. 
AND 


FLOYD S. MARKHAM, Ph.D. 
Pearl River, N. Y. 


Lederle Laboratories Division, American Cyanamid Company. 

Shown as a scientific exhibit of the Section on Preventive and Industrial Medicine and Public 
Health at the 104th Annual Meeting of the American Medical Association, Atlantic City, 
June 6-10, 1955. 
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| THE NEED FOR PROPHYLACTIC MEASURES 


AGAINST THETRUE VIRUSES | 


ACHROMYCIN: 
STREPTOMYCIN 


PENICILLIN 
 ACHROMYCIN” 


y 
MYCOBACTERIA 
VIRUSES 
ACHROMYCIN 
STREPTOMYCIN 


 AUREOMYCIN’ 


AND OTHER AGENTS 
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SCIENTIFIC EXHIBITS 


MILESTONES OF IMMUNIZATION 


with LIVING VIRUSES 


ANCIENT 
CHINESE 
Inoculated virulent smallpox 


(a virus into the skin or 
a intranasally 


JENNER 


Cf, First use of living naturally 


attenuated virus in prophylaxis 
of smallpox 


_ YELLOW FEVER 


First vaccine for mass immunization 
| of humans which was a laboratory 
‘attenuated living virus 


ADVANTAGES OF LIVING VIRUS VACCINES . 


Stronger immunity In rabies the danger of using vaccines 
of central nervous system origin is well 
known and the modified live virus vaccine 

Longer duration © of rabies does not have this disadvantage 
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TYPE OF VACCINE MORTALITY RATIO Him 


RESULTS MONTHS 
IMMUNITY TEST DOGS 
VACCINATED with DIFFERENT 
TYPES RABIES VACCINE 


mated) 


| 
effective 
AUTHORS a 
| 8/34 | 23.5% 
(son 31/90 | 06.1% : 
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Mumps 


Influenza Smal! pox 


Japanese B Encephalitis 
Equine Encephalitis 
Rabies 

Poliomyelitis 


Yellow Fever 


KILLED 
VACCINE 


Pohomyelitis 


Dengue Fever 
Influenza 
Acute Respyratory Disease Agents 
Measles 
Mumps 
Rabies 
A 
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— 
DISEASE FOLLOWING VACCINATION SPECIES 


VARIOLA 


4 to7 YEARS MAN 


NEWCASTLE LIFELONG (?) ~ CHICKEN 


CHICKEN 
YELLOW FEVER > 10 YEARS | ~~ MAN 


& YEARS 


AFRICAN HORSE SICKNESS HORSE 


RABIES > 39 MONTHS DOG 
DISTEMPER > SY*YEARS 


live virus immunization has already done well os q 
attested by its mony contributions. There are also qood 
reasons4o believe that this chapter of preventive 
medicine is not yet completed. From the fessons of 


the past, the ingenuity and perseverance of the | 


4 researcher may. still succeed in mobilizing modified 
live viruses for the control of ather virus disease 
problems: such as poliomyelitis and measles in man 
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Abstracts from Current Literature 


Epitep By Dr. CristopHer H. Woop 


General 


THE EXPERIMENTAL ANIMAL—MAN IN INDUSTRIAL HyGiENE: THE Donato E. CumMINGs 
MeMoRIAL Lecture. JAMes H. Sterner, Am. Indust. Hyg. A. Quart. 16:103 (June) 1955. 


The author lays emphasis on the rapid growth in the industrial hygiene field and stresses 
the need for specialization tempered by cooperation among the personnel required to solve the 
diverse problems of industry. In spite of continuing technical advances man still remains the 
basic tool, or yardstick, in the evaluation of health hazards. Establishing a favorable working 
atmosphere is now recognized not only as a material necessity but also as a matter of social 
concern, Man’s response to his environment still furnishes the best base line for toxicological 
thresholds. However, recognition of psychological factors and matters of individual suscepti- 
bility require more than a strict mathematical approach to evaluate his response. The author 
points out that industrial standards must be based on good epidemiological principles and that 
no distinction be made between diagnosis of nonindustrial and industrial cases. 


R. Dennis, Boston. 


AGE AND PROBLEMS OF PROFESSIONAL TRUCK DRIVERS IN HIGHWAY TRANSPORTATION. R. A. 
McFartanp, A. L. Morecey, and M. B. Fisuer, J. GERONTOL. 9:338-348, 1954. 


Age data have been presented for different samples of truck drivers totaling well over 3000 
workers. Median ages were between 35 and 40 years, with one-half of the drivers within 5 to 6 
years plus or minus of the median. Ages were recorded at time of new employment, at time of 
separation, and at time of learning to drive a car, truck, and tractor semitrailer. Most of the 
men have spent the greater part of their working lives in the occupation. The physiologic and 
psychologic characteristics of the aging process were noted, and the most important changes 
were found to lie in the more limited ability to carry out a series of complex reactions involving 
memory, judgment, and reasoning within given time periods. Nevertheless, wisdom, judgment, 
and reasoning may compensate for the losses in speed and precision. Data have been presented 
indicating that the greatest proportion of accidents is in the age group below 25 and the least 
in the range beyond 45 years. With equal operating conditions, it may be that older truck 
drivers are safer on the highway than are younger ones. The importance of adequate retirement 
programs was discussed in the light of the above findings. 


From THE AuTHORS’ SUMMARY. 


HEALTH, INSURANCE, AND PENSION PLANS IN Unton Contracts. Evan Keitu Rowe, Month. 
Labor Rev. 78:993-1000 (Sept.) 1955. 


In early 1954 approximately 11,000,000 workers, or about two-thirds of all workers covered by 
union contracts, were eligible for some type of health and insurance benefit under collective 
bargaining agreements, with employers meeting the full cost for 62% of the workers. Data for 
some 8,700,000 employees showed provision of the following types of benefits, ranked in order 
of frequency: death (life insurance) ; hospitalization, surgical, accident, and sickness (excluding 
sick leave and workmen’s compensation); accidental death and dismemberment, and medical 
(nonsurgical). In recent years there has appeared a tendency to liberalize existing benefits for 
workers and add new ones, such as provisions for protection in case of extended or catastrophic 
illness, allowances for diagnostic and laboratory charges outside the hospital, special allowances 
for emergency accident care, benefits for home and office care, and inclusion of family polio 
coverage. In many instances hospital, surgical, and medical benefits are extended to certain 
family dependents of the covered employees, the cost being shared by the employer and employee, 
borne entirely by the employer, or borne entirely by the employee, in this order of frequency. 
Retired workers are frequently eligible for life insurance and for hospital, surgical, and medical 
benefits, and in the majority of all cases the employer pays the full cost of insurance. 


FrANz Go_pMANN, M.D., Boston. 
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TRANSACTIONS OF THE SEVENTEENTH ANNUAL MEETING OF THE AMERICAN CONFERENCE OF 
GOVERNMENTAL INDUSTRIAL HyGIENISTS. AMERICAN CONFERENCE OF GOVERNMENTAL 
InpustRIAL Hycrenists, 140 pp., June, 1955. 


Occupational Health Study in the Diatomite Producing Industry: Environmental Aspects, 
Dr. Lewis J. Cralley. 

Occupational Health Study in the Diatomite Producing Industry: Medical Aspects, Dr. W. 
Clark Cooper. 

The Health Hazards of Working with Flame-Proofed Fabrics, Mr. Irving Ettinger and Mr. 
Martin Jeremias. 

The Control and Disposal of Radioisotopes, Mr. G. W. Morgan. 

The Manufacturing Chemists Association Labeling Program, Mr. Sanford J. Hill. 

Mercurialism in Cinnabar Reduction in Idaho, Mr. Howard L. Burkhardt. 

Reduction of Incidence of Silicosis After Seventeen Years of Dust Control in the Barre, Ver- 
mont, Granite Industry, Mr. Harry B. Ashe. 

Uranium Operations on the Colorado Plateau, Mr. J. D. Torrey and Mr. P. W. Jacoe. 

Performance of Automatic Louvers in Industrial Ventilating Systems, Mr. Irving Kingsley. 

The Effect of the Calcium Chelate of Disodium Ethylene-Diamine Tetraacetic Acid on Lead 
in the Blood and Urine of Battery Workers, Dr. Ira A. Manville and Dr. Robin Moser. 


Potentials of an Occupational Health Program in a State Department of Health, Dr. Daniel 
Bergsma. 


Need for Threshold Limits, Dr. Miriam Sachs. 
Engineering and Chemical Application of Standards, Mr. Allen D. Brandt. 


Mimeograph copies are available in limited supply from Mr. Charles D. Yaffe, U. S. Public 
Health Service, 1014 Broadway, Cincinnati 2, Ohio. 


Physiology and Nutrition 


Economy or Work UNDER THE INFLUENCE oF INCENTIVES. B. Petz, Arhiv. hig. rada 5:321- 
329, 1954. 


The question whether incentives are harmful to the organism has been very little investigated. 


According to the results of Bujas and Petz, the organism works more economically in the state 
of increased motivation. The author has tried to check these results by measuring the degree of 
fatigue after the work with and without special motivation. The fatigue was measured by letting 
the subject repeat static work of the same intensity after a pause which was not long enough to 
provide complete recovery. 

The experiments were performed with a mercury dynamometer. 

Results: 1. The endurance while performing static work was prolonged under the influence 
of increased motivation. Fatigue after such prolonged work was equal to the degree of fatigue 
which occurred in experiments without additional motivation and shorter work. 2. When in 
experiments with increased motivation the subject's effort was suddenly stopped at the moment 
corresponding to his maximal endurance without motivation, the fatigue was smaller than after 
the same work performed without additional motivation. 

The author concludes that the increase in work output caused by incentives is not due to an 
increase in energy expenditure but to a better and more economical use of the available energy. 

The author considers that incentives should be used within the normal working time and 
within the normal intensity limits of the average everyday work but not to increase the maximum 
work output; they have to be means to make the work easier and decrease the fatigue. Only in 
special cases should they be used also as means to increase the work output. 


From THE AuTHOR’S SUMMARY. 


Occupational Diseases and Hazards 


SIGNIFICANT CASE OF PNEUMOCONIOSIS IN A Sort-CoaL Worker. L. L. Friepman, A. M. A. 
Arch. Int. Med. 95:328-332 (Feb.) 1955. 


The paper presents the case history of a soft-coal worker who had worked for an unspecified 
time at drilling in a coal mine when he first complained of breathlessness at the age of 46. His 
x-ray then showed simple pneumoconiosis. He continued to work underground for six years, 
after which an x-ray showed early progressive massive fibrosis in both lungs, and he gave up his 


282 


| 
—— 


ABSTRACTS FROM CURRENT LITERATURE 


work because of dyspnea. His sputum was negative for tuberculosis, and his tuberculin skin 
test was negative in dilutions of 1: 100 and 1: 1000 then and subsequently until his death at the 
age of 57, by which time he had developed extensive massive fibrosis with severe emphysema 
at both bases. Serial x-rays are given and lung sections prepared by Professor Gough, both 
confirming massive fibrosis with ischemic cavitation. The patient was treated with isoniazid 
and dihydrostreptomycin without effect. 

This case confirms the relentless progress of progressive massive fibrosis and coal miners’ 
pneumoconiosis after exposure to dust has ceased, in the absence of a positive sputum and despite 


antituberculosis therapy. Its particular interest lies in the observation that the Mantoux reaction 
was negative. 
C. M. Fretcner [Butt. Hye.]. 


OccupaTionAL CANCER OF THE URINARY BLADDER IN DyesTUFFS OPERATIVES AND OF THE LUNG 
IN Aspestos TEXTILE WorRKERS AND ITRON-OrE Miners. G. M. Bonser, J. 
AND M. J. Stewart, Am. J. Clin. Path. 25:126-134 (Feb.) 1955. 


S. FauLps, 


The value to the cancer problem, as a whole, of the study of occupational cancer in the field 
and by experiment, together with the time lag between these two aspects, is discussed. A short 
consideration of the total amount of cancer in any population follows, and a classification of the 
types of recognized occupational cancer. 

More detailed consideration of industrial bladder and lung cancer follows. In regard to the 
former, the extent of the hazard, the nature of the chemicals involved, and their metabolism in 
various species are discussed. In regard to the latter, the occurrence of lung cancer in a group 
of 72 male and female asbestos textile workers and in 192 hematite miners in Cumberland, 
England, is described. 

The common factor in these two types of occupational lung cancer (in asbestos textile workers 
and hematite miners) is silica, and it is suggested that this may be the carcinogenic agent. The 
presence of silica (as silicic acid) causes pulmonary fibrosis which precedes the initiation of the 
malignant process. The fibrosis is usually of smaller degree, however, in those lungs in which 
cancer supervenes. On published evidence the case for an etiologic relationship between nodular 
silicosis per se and lung cancer is much less strong than in silicosis associated with siderosis and 
in asbestosis. Hueper (1952) examined the literature very thoroughly and came to the conclusion 
that “the available evidence supporting a causal relation between silicosis and cancer of the 
lung is unimpressive.” It seems possible, therefore, that the fibrous nature of asbestos or the 
presence of hematite dust may exert a modifying effect on the chemical action of the silica or 
on the fibrotic process itself. Further study of the nature of the carcinogenic process in pneumo- 


conioses is thus obviously ded, 
es is thus obviously needed FrRoM THE AuTHORS’ SUMMARY AND CONCLUSIONS. 


TREATMENT OF ACUTE AND Curonic Leap Potsoninc Disopitum CALCIUM VERSENATE. 

J. F. Wave Jr. ano J. F. Burnum, Ann. Int. Med. 42:251-259 (Feb.) 1955. 

Five patients with acute or chronic lead intoxication successfully treated with disodium 
calcium versenate (Ca EDTA) are reported. 

Ca EDTA produced a marked increase in urinary lead excretion which was maximal during 
the first 12 hours of therapy. 

Loss of body lead into the urine was accompanied by (a) rapid and striking amelioration 
of all signs and symptoms, including an “acute abdomen”; (b) disappearance of gingival lead 
lines, and (c) return to normal values of basophilic stippled red blood cells and serum indirect 
bilirubin; no immediate reversal of decreased erythrocyte osmotic fragility. 

No toxic effects from’ Ca EDTA were observed. 

Ca EDTA affords a safe and effective means of therapy of acute and chronic lead poisoning. 

Since this paper was submitted for publication, the authors have successfully treated 14 
additional patients with acute or chronic lead poisoning with disodium calcium versenate. 


Buti. Hyc. 


MortALity AMONG WorKERS IN CIGARETTE Factories. H. F. Dorn and W. S. Baum, Indust. 
Med. 24:239 (June) 1955. 


This is a brief report of the survey carried out in the American Tobacco Company plants in 
Virginia, North Carolina, and Kentucky. A comprehensive health service and group-insurance 


program was initiated in 1946 for all employees. An analysis of the experience of 70,532 person 


283 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


years is given, and a comparison made between those employed in processing cigarettes, other 
employees, and a comparable sample of the local population. 

The results of this study show that the total mortality rate among employees engaged in 
processing cigarettes for the American Tobacco Company is definitely lower than that among 
the general population of Virginia and North Carolina. This is true for all causes, for cancer, 
and for cardiovascular diseases. The death rates for respiratory cancer and for coronary disease 
among employees of the American Tobacco Company do not differ appreciably from those among 
the general population. C. H. Woop, Boston. 


THE PRESENT STATUS OF*SILICONE PROTECTIVE CREAMS. R. R. SuskiINpD, Indust. Med. 24:413 
(Sept.) 1955. 


“There is good reason to believe that the clinical protection afforded by a silicone formulation 
depends on its ability to provide an intact film which will repel or be relatively unaffected by 
specific chemical substances throughout the period of exposure. The efficacy of the repellent 
action is determined by (1) the physical and chemical properties of the silicone fluid, (2) the 
concentration of silicone, (3) the nature of the vehicle and its ability to make a uniformly 
repellent mixture with the silicone, and (4) the manner and schedule of application.” 

Chemical and laboratory tests are described which were used to assess the relative value of 
four different silicone creams in protecting against exposure to commonly used petroleum 
fractions, polar solvents, water, usage concentrations of hand soap, laundry soap and laundry 
synthetic detergents, soluble cutting fluids, cutting oils, formaldehyde, phenol, aqueous solutions 
of mineral acids, alkalies and salts. It should be emphasized that the present silicone creams are 
not therapeutic agents but should be used strictly as prophylactic devices. While disappointing 
results have previously been obtained in clinical trials with a cream containing 2% silicone, 
good results can be obtained with creams containing 30% or 52% silicone. The latter creams are 
more expensive and not-always pleasing from the cosmetic viewpoint, but if correctly selected 
for a specific irritant, they can be of great protective value. C. H. Woop, Boston. 


SypHILis In INDustrRY. J. G. Downine, J. A .M. A. 158:468 (June 11) 1955. 


The author gives a rough estimate of 600,000 cases as the prevalence of syphilis in industry 
in the United States. In one large organization in which 90% of the employees accepted a 
serologic test, 4% were found to be positive. In another firm in which the employees were on a 
“higher socioeconomic” plane, the prevalence rate of a positive serologic test was 0.23%. A 
table is presented showing a decline in Connecticut from a prevalence rate among industrial 
workers of 4.0% in 1949 to 2.9% in 1953. The author concludes that syphilis will remain a 
problem for some time to come. He is of the opinion that it is worth while attempting to find 
these cases in industry, so that the services of highly trained employees may be retained and 
so that unjustifiable claims for disabilities due to syphilis and not to occupation may be eliminated. 
In areas where the prevalence rate of syphilis is high, the author recommends a serologic test 
as part of the preemployment routine examination. The advisability of employing applicants 
with positive blood serology should be decided not by management but by competent physicians. 


Joun PemsBerton, M.D., Boston. 


CARCINOMA OF THE LUNG IN ASBESTOSIS: REPORT OF Two ADDITIONAL Cases. K. M. 


Lyncu and H. R. Pratt-THomas, South. M. J. 48:565 (June) 1955. 


The authors present the histories of two additional patients with asbestosis and bronchogenic 
carcinoma. These cases bring to 4 the number of patients with carcinoma of the lung in an 
autopsy series of 49 cases from workers in an asbestos-manufacturing plant who showed demon- 
strable deposits of asbestos in their lungs. This is an incidence of 8.2%. The incidence of car- 
cinoma of the lungs in the hospital service during the same period and in the same age range as 
the cases of asbestosis was 1.5%. This incidence of 8.2% is by far the lowest incidence recorded 
among five series relating to this problem, one of which reports an incidence of 16.3%. 

Thus statistical inference from this and other series does not allay the suspicion that there 
may be an association between the two conditions. 

The tissue reaction produced by asbestos dust is believed to be due to the physical nature 
of the asbestos particle rather than to any chemical constituent. The asbestos fiber causes 
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desquamation of the bronchiolar epithelium and an outpouring of numerous macrophages in an 
attempt to phagocytize the fibers. Fibroblastic proliferation and collagen deposition in the walls of 
alveoli and about the terminal bronchioles follow at a later stage. Experimental proof of progres- 
sion from hyperplasia to neoplasia is difficult to produce. Mice exposed to concentrations of 
asbestos dust having the proper specifications as regards particle volume and size do not 
develop asbestosis or carcinoma, although pulmonary adenoma is frequently present. In fact, 
bronchogenic carcinoma of man has no counterpart in other animals. It appears that the pul- 
monary tissue of dogs may respond to asbestos dust in a manner somewhat more closely 
analogus to man. Until a valid biologic experiment can be evolved, it appears that the evidence 
for or against the possible carcinogenic effect of the asbestos fiber will rest primarily on 
statistical evidence and personal opinion. 


Stupy oF THE MECHANISM OF ABSORPTION OF PARTICULATES IN THE RESPIRATORY TREE: I. 
QuarTeRLY Report No. 1, SepremBer 1, 1953. E. Rerr, Mary C. 
Tuomas L. and Crayton S. Wuirte. Il. QuarRTERLY Report No. 2, 
DecemBeR 1, 1953-Marcu 1, 1954. Arnotp E. Retr, THomas L. Cuirrette, Utricu C. 
Lurt, James Crark, Crayton S. Wuite, Mary C. Ettiorr, and Heten S. BAKER, 
Contract Da-18-108-CML-5050, Lovelace Foundation for Medical Education and Research, 
Albuquerque, N. Mex., Jan., 1955. 


The operating characteristics of the Roller Particle Size Analyzer were investigated as a 
means of producing closely sized aerosols. Preliminary results are reported from studies of the 
pulmonary absorption of various dyes and particles of various sizes in rats and dogs. 


NUCLEAR Sc. ARBSTR. 


Stupy OF THE MECHANISM OF ABSORPTION OF PARTICULATES IN THE RESPIRATORY TREE: 
I. QuartTeRLy Report No. 4, 1954 (INcLUbES AN AppeNDIX: AUTOMATIC ELECTRONICALLY 
CONTROLLED Resprratory CycLinG VALVE). JAMES CLARK II, SUMMARY oF REPORTS 
IssuEeD Since Decemser 1, 1953. Arnotp E. Wuite, Marcor P. Hotcoms, HELEN S. 
3AKER, and CLayton S. Wuuite, Contract DA-18-108-CML-5050, Lovelace 


Foundation 
for Medical Education and Research, Albuquerque, N. Mex., Jan., 1955. 


Design and performance are described of an air-jet nebulizer for the production of water 
aerosols. Methods are described for determining the particle size of water aerosols. Design is 
described of an automatic, electronically controlled, respiratory cycling valve for animal respir- 
ators. A brief summary is included of results from aerosol inhalation studies with rats. 


NucLEAR Sc. ABSTR. 


A “FoLt_ow-Up” Cuest X-Ray SuRVEY IN THE RHONDDA Facu: I. PULMONARY TUBER- 


cuLosis. A. L. Cocurane, J. G. Cox, and T. F. Jarman, Brit. M. J. 1:371 (Feb. 12) 1955. 

This is an interim report on an ambitious and interesting attempt to eradicate pulmonary 
tuberculosis from an isolated Welsh coal-mining valley with a population of some 24,000. In 
addition to the intrinsic value of such a program, the authors wish to test the hypothesis that the 
advanced and progressive stage of coal miners’ pneumoconiosis, known to the Pneumoconiosis 
Research Unit of South Wales as progressive massive fibrosis (P. M. F.), is a form of tuber- 
culosis modified by pneumoconiosis. Only 1% of these cases give a positive sputum in life, but 
40% do at necropsy. At the first survey in 1951, 87% of the female and 92% of the male popu- 
lation over 5 years of age were x-rayed. At the second survey in 1953, 91% of the new population 
over 5 and 95% of those previously surveyed were x-rayed. The chief preventive measures taken 
after the first survey were the B. C. G. vaccination of children under 5 years of age, who were 
tuberculin-negative and were in contact with active cases, and the hospitalization of active cases. 
All but 2 of the 112 active cases were hospitalized, but not all were willing to remain long in 
hospital. After the first few months there were nearly always 40 known infectious cases in the 
valley, who were carefully supervised by the public health nurse. At the second survey it was 
found that there had been a marked fall in the prevalence of infectious tuberculosis among the 
women and a lower fall among the younger men. There had been a slight increase among the 
older miners and ex-miners. “In spite of ample hospital accommodation, 35 (amongst whom were 
10 cases of progressive massive fibrosis) of the 112 cases which were infectious in 1951 were still 
infectious in 1953, and 46 new cases of tuberculosis developed in the valley between the two 
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surveys.” This is one of the most detailed long-term surveys of tuberculosis in a defined 
population ever undertaken. In addition to providing information on the relation between coal 
miners’ pneumoconiosis and pulmonary tubercuosis, it should eventually provide us with additional 
valuable information with regard to the possibility of eradicating tuberculosis in limited population 


groups. Joun PemsBerton, M.D., Boston. 


BeryLiiosis: A Case Report. I. B. SNeppon, Brit. M. J. 1:1448-1450 (June 18) 1955. 


Not many cases of berylliosis have been reported in Great Britain. The one here described was 
in a woman, aged 25, who had worked three and one-half years at a rotary shearing machine 
trimming metal strip containing 2% beryllium-copper alloy. Although the shearing blade of the 
machine revolved slowly, fragments were thrown off with jagged edges which caused cuts and 
scratches on the hands, forearms, and legs. The patient came under notice with numerous 
linear granulomatous papules on the fingers, palms, forearms, and legs and with a granulomatous 
wound on the dorsum of the left foot. She also complained of a dry cough and increasing shortness 
of breath. Slight exertion produced shallow breathing. X-rays of the lung fields showed a 
generalized, very fine stippling, not so dense as in sarcoidosis. Patch tests with 1% and 2% 
solutions of beryllium sulfate and beryllium nitrate gave in 48 hours a strongly positive 
eczematous reaction. During the height of the skin reactions the lung lesions became temporarily 
more active. After a full consideration of the causation of the lesions seen, the case was held 
to fulfill all the criteria for a diagnosis of systemic berylliosis. e L. Coun. 


MortTALitTy FROM LUNG CANCER IN AsBESTOS WoRKERsS. RICHARD DOLL, Brit. J. Indust. Med. 
12:81-86 (April) 1955. 

This study of lung cancer is a statistical study based on 105 consecutive autopsies done on 
former employees of a large asbestos works. In these 105 autopsies, abestosis was found to be 
present in 75 cases, absent in 30. Lung cancer and asbestosis were found associated in 15 cases. 
In three cases lung cancer was found, but asbestosis was absent. 

From Company records it was determined that 113 men had worked for at least 20 years in 


places where they were liable to be exposed to asbestos dust. Thirty-nine deaths occurred in 
this group, whereas only 15.4 were expected. Eleven of the excess deaths were attributable to 
lung cancer, although only 0.8 deaths were to be expected. Other respiratory and cardiovascular 
diseases caused 22 deaths, with only 7.6 being expected. It is concluded that lung cancer is a 
specific industrial hazard of certain asbestos workers, and the average risk among men employed 
20 or more years is approximately 10 times that experienced by the general population. 


SHERMAN S. Pinto, Denver. 


Primary Lunc CANCER IN SoutH WALES CoAL-WoRKERS WITH PNEUMOCONIOsIS. W. R. 
L. James, Brit. J. Indust. Med. 12:87-91 (April) 1955. 


In autopsies on 1827 South Wales coal miners with pneumoconiosis, lung cancer was found 
in 5.1% of those with simple pneumoconiosis and in 1.4% of those with the massive fibrosis type 
of disease. Autopsies on 1531 South Wales men who were nonminers showed lung cancer in 
5.4% of the cases. Histological study showed the types of cancers were very similar in both 
miners and nonminers. Distributions of metastases were also quite similar. The suggestion is 
made that early death from pneumoconiosis among coal miners may have the effect of reducing 
the incidence of lung cancer among miners in a coal field such as South Wales. 


SHERMAN S. Pinto, Denver. 


PuLMONARY Frsrosis IN NON-FERROUS FouNpDRY Workers. H. E. Harpine and A. I. G. 
McLaucu_in, Brit. J. Indust. Med. 12:92-99 (April) 1955. 


This study is primarily a review of the lung changes found at autopsy in six men who had 
worked in nonferrous foundries. Chest x-rays taken at a time late in each man’s life had 
suggested the presence of lung changes which were fibrotic in nature. At autopsy these lung 
changes were found to be either whorled silicotic nodulation, linear or stellate fibrosis, or 
transitional stages between these two. The occupational histories suggested that silica exposure 
came from the use of silica parting compounds or from the dust produced by the removal of sand 
from castings made in sand molds. No figures for the intensity of a possible silica exposure are 


given. SHERMAN S. Pinto, Denver. 
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LEPTOSPIRAL SEROLOGY IN ScoTtTisH CoaL-Miners. R. S. F. Apam and P. N. Epmunps, 
Brit. J. Indust. Med. 12:100-102 (April) 1955. 


In a Scottish colliery 11 cases of leptospiral infection were found during the period 1940-1952 
among the colliery’s 2700 men. To study the incidence of possible subclinical leptospiral infection, 
201 blood samples were obtained from a random group of the colliery employees. The older men 
were somewhat reluctant to participate, and the samples were somewhat weighted in favor of the 
younger men. One per cent of the group had serological findings suggestive of unrecognized 
leptospiral infections. This is compared with 2.1% found among New York sewer workers and 


6.9% among New York fish workers. SHERMAN S. Pinto, Denver. 


OccuPATIONAL DERMATITIS CAUSED BY ETHYLENE OxipeE. A. Royce and W. K. S. Moore, 
Brit. J. Indust. Med. 12:169-171 (April) 1955. 


Aseptic operations were performed in a completely sealed box. Long rubber gauntlets 
terminating in rubber gloves were sealed in the armholes and provided a means for carrying on 
manipulations within the box. Ethylene oxide gas was introduced into the box for sterilization 
purposes and allowed to remain for 18 to 24 hours before being flushed out. It was found that 
the rubber gauntlets absorbed enough ethylene oxide to cause dermatitis of the operator’s hands 
and arms when they were inserted in the gauntlets. A current of air introduced into the 


gauntlets during work was found to remove the excess ethylene oxide satisfactorily and prevent 


dermatitis. SHERMAN S. Pinto, Denver. 


DISABLING PNEUMOCONIOSIS FROM LIMESTONE Dust. A. T. Doc, Brit. J. Indust. Med. 12:206 
(July) 1955. 


Eight cases of pneumoconicsis, five in limestone grinders and three in limestone miners, are 
described. Three of the men showed no disability; three had partial disability ; one was totally 
disabled ; and one had died of the disease. In the fatal case histological examination of lung tissue 
showed fibrosis, which suggested the action of silica alone unmodified by other dusts. 

The mean duration of employment in the limestone industry of the eight cases was 26.1 years. 
Though no data as to the size, concentration, and composition of air-borne dust are given, 
appreciable dust exposure is inferred from observations of limestone grinding and mining. Recent 
analyses of limestone processed by grinders indicated a free silica content of 1.8% to 11.5%. 
Limestone from the mine in which the miners worked had 3.9% to 11.9% free silica. 

It is concluded that there is a definite pneumoconiosis hazard associated with the grinding 
and mining of at least certain limestones, that the lesion produced is almost certainly produced 
by free silica in the limestone dust, and that the high percentage of calcium carbonate in lime- 
stone dust does not appear to inhibit the action of free silica. 


K. W. Netson, Salt Lake City 


INHALATION oF Coat Dust. C. N. Davies, Colliery Guard. 189:442-445 (Oct.) 1954. 


This paper is a summary of the author's lectures given in courses in the United States. 
Among the subjects treated are the following: travel of dust underground; dust concentrations 
at various distances downwind expressed as percentage of concentration near the source; 
deposition and retention of dust in the lungs, and requirements for safe conditions of work. 
Under ordinary conditions at coal-dust concentrations of 10 to 1000 particles per cubic centimeter 
(0.28 to 28 mpcf), the healthy lung is equipped to dispose of the dust without danger, but above 
that concentration the mechanism may eventually break down. X-rays cannot be used to assess 
permanent working conditions. The examination of lungs of deceased miners with known 


exposure would be a better guide. Ixpust. Hyc. Dicest 


INCIDENCE AND PREVENTION OF Dust IN BritisH INpustry. A. I. G. MCLAUGHLIN, 
J. Roy. Inst. Pub. Health & Hyg. 18:218-239 (Aug.) 1955. 


Some account is first given of the various types of chest diseases caused by dust. The best 
known is silicosis, caused by inhaling fine silica dust. The changes wrought in the lungs as seen 
by x-ray shadows and by postmortem inspection are well known. But each of the other dusts 
known to cause trouble differs in the pathological changes set up and in the tendency caused 
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to accept tuberculous infection. There are dusts, especially the organic dusts, which originate a 
maximum of clinical symptoms, such as asthma and bronchitis, with a minimum of lung changes 
and without any tendency to tuberculosis. Every dust calls for special inquiry before it can be 
pronounced harmful or particularly dangerous; probably none can be passed as quite harmless 
or beneficial. Nevertheless, as industrial processes become more and more mechanized and rapid, 
many clouds of dust exist which have not yet been brought under control. Examples of patho- 
logical findings and of dusts in creation are shown in illustration. Information as to the incidence 
of these many dust diseases comes from death certificates and from compensation claims where 
the disease has been scheduled for compensation. 

The varieties are named as silicosis, which is far the most widespread; asbestosis; coal 
pneumoconiosis, which today accounts for most of the compensation claims; tale pneumoconiosis ; 
Shaver’s disease; beryllium granulomatosis; manganese pneumonia; bagassosis, and byssinosis. 
Then there are the dusts causing occupational asthma, all of organic origin, and others which 
are carcinogenic. The industries in which these troubles occur seem to increase year by year 
as research progresses. Frequently exposure is to mixed dusts; here a second dust may accentu- 
ate the action of the first, yielding a mixed pathological entity, or one may modify and even 
neutralize the action of the other, or the two may not react on one another. 

One of the wonders of modern industrial hygiene is the way in which one after another of 
these diseases is being minimized or abolished. Great sandstone wheels have given way to 
innocuous wheels for grinding metal articles; parting sands in foundries must no longer contain 
siliceous material; ground silica must not be used for placing china and pottery ware going 
to be baked; sand must not be used for blasting newly founded articles. Alumina is being mixed 
with silica dust to neutralize it. Next, the dangerous dust must be brought under control by 
engineering means, by locally applied exhaust drafts, or by wet methods of working. Lastly, 
when all else fails, well-devised masks can be worn, although workers seldom care to wear 
them. Tables are given showing the information in the hands of the factory inspectors relative 
to deaths and compensation claims occurring in the industries concerned. Only by looking back 
to the beginning of this century can the observer appreciate what has been done and is being 
done. The whole picture is well painted by the author of this well-arranged article. 


Cois. 


INCIDENCE OF CARDIOVASCULAR AFFECTIONS AMONG CoaAL Miners. F. LavenNne and D™® 
3ELAYEN, Hasselt: Institut d’ Hygiéne des Mines Communication 127, 10:19 (April 28) 1955. 


First, an inquiry was made into the cardiovascular effects of mining work in hot conditions 
underground. Miners who had worked at least five years under unfavorable conditions were 
compared with others who had worked under better conditions; no significant differences were 
found. Then the incidence of cardiac abnormalities was estimated in 200 unselected miners 
between the ages of 25 and 60 working underground, as well as in 400 miners who had been 
referred to the /nstitut d’Hygiéne des Mines by industrial physicians at periodic examinations. 

Valvular heart trouble was not found because of the care taken when examining men before 
they were engaged for underground work. The incidence of cardiac arterial trouble, high 
pressure, and coronary disturbance was low below age 40, after which it rose to reach 16% 
after age 50. The medical and physical examinations carried out are explained in detail, and 
the results are set forth in tables. The occurrence of chronic cor pulmonale was unusual, except 
when pneumoconiosis was present. Heavy physical work was found conducive to cardiovascular 
troubles, increasing with age. The suggestion is made that no one should be taken on for mining 
work if he is over age 35. Stress is laid on the value of the electrocardiogram in doubtful cases 
of cardiac action. Cardiovascular affections are a frequent cause of invalidity among miners and 
rank second to illnesses of the respiratory system. Conus 


PROBLEM OF RHINITIS AND ASTHMA IN Bakers. C. PestaLozz1 and U. W. ScHNYDER, 
Schweiz. med. Wchnschr. 85:496 (May 21) 1955. 


Of 159 bakers employed with two large and three medium-sized bakeries in Zurich, Switzer- 
land, 42 showed symptoms of respiratory allergy. All 42 had allergic rhinitis, and 6 had allergic 
rhinitis and bronchial asthma. A familial tendency to respiratory allergies was observed in 12 
(28%) of the 42 bakers, while such a tendency was observed in only 9 (8%) of the 117 bakers 
without any allergic symptoms. Young people with a familial tendency to asthma or rhinitis 
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should be informed about their predisposition to respiratory allergy before they start training 
as bakers. In all 159 bakers scratch tests were performed with the flour used in the bakeries 
they were employed with, and intracutaneous tests were carried out with an extract of rye or 
wheat. Twenty-four (66%) of the thirty-six patients with allergic rhinitis had a positive reaction 
of urticarious type to the tests with the flour used in the bakeries employing them or to the tests 
with the extracts of wheat or rye. 

The clinical aspects of the rhinitis with short dry attacks of sneezing and production of an 
abundant watery secretion (rhinorrhea), as well as the results of the skin tests, indicated that 
the rhinitis in bakers is an allergic rhinitis caused by the flour they have to handle, while still 
other causative factors, in addition to the various species of flour, may be responsible for the 
occurrence of asthma in bakers. 

Most of the examined bakers showed their first symptoms of rhinitis after an average period 
of 12.7 years of sensitization. The intensity of the rhinitis remained unchanged for years, and 
even decades, in more than two-thirds of the authors’ cases. In the six patients in whom the 
rhinitis was associated with asthma, the symptoms of asthma occurred for the first time after an 
average 18 years’ duration of rhinitis. A partial or total spontaneous desensitization after a 14 
to 15 years’ duration of the rhinitis occurred in 4 of the 42 patients. 

Plimasin (a proprietary compound of tripelennamine [Pyribenzamine] hydrochloride and a 
sympathomimetic drug), pyrilamine (Neo-Antergan), and N-dimethylaminoethyl-N-p-chloro- 
benzyl-alpha-amino-pyridine hydrochloride (Synopen) were used for the symptomatic treatment 
of mild flour rhinitis in patients whose work capacity was not reduced, while in incapacitated 


bakers with severe rhinitis specific desensitization should be carried out in addition to sympto- 
matic treatment. 


Catcium EDTA 1n TREATMENT OF OcCUPATIONAL LEAD POISONING. 


A. ZAMBANO and L, 
Rosst, Riforma med. 69:398 (April 19) 1955. 


Good results in treating lead poisoning with edathamil calcium-disodium (calcium EDTA) 
were obtained in six lead workers who were given the drug intravenously in a 20% hypertonic 
solution in daily doses of 2 gm. for seven consecutive days. Some patients received a second 
course of treatment after a seven-day treatment-free period. No side-effects were noted. The 
urinary excretion of lead increased manyfold, that of coproporphyrin decreased progressively, 
while the lead blood levels were changed only slightly. Edathamil calcium-disodium acts to make 
a lead complex by exchanging the calcium contained in its molecule for lead to form a chelate 
that does not have the toxic action peculiar to the free metal. The effectiveness of edathamil 
calcium-disodium in lead poisoning is definitely greater than that of other agents that have been 
used for the purpose, but greater clinical experience with the drug is needed. 


Sritcatosts CAUSED BY SEPIOLITE. A. PARADA, Med. segur. trab. 2:11-14 (Jan.-March) 1954. 


A case is described of silicatosis probably due to sepiolite (hydrated magnesium silicate 
[meerschaum]), which has not hitherto been reported. Diagnosis was established by radiography, 
and after considering the possibility that other fibrogenic dusts might be incorporated, the author 
concludes that the initial fibrosis was due to sepiolite. 


From Butt. [Inpust. Hyc. DiceEst.]. 


PutMoNnARY CHANGES DEVELOPING IN WORKERS IN THE ALUMINUM INDustRY. F. GEHER, 
Fortschr. Geb. Réntgenstrahlen 82:598 (May) 1955. 


In studying the industrial hygiene of the aluminum industry, Géher examined about 1000 
workers who were employed in one bauxite mine, in two plants producing aluminum oxide 
(alumina), and in two alumina reduction plants (foundries). 

In examining the workers, special attention was given to the occupational history and to 
respiratory symptoms. Workers with active tuberculosis and with other serious organic dis- 
orders had been excluded from working in the aluminum industry by preemployment examina- 
tions. Each worker was subjected to thoracic fluoroscopy, and roentgenography was done 
whenever there was the slightest suspicion of a pulmonary lesion. Two types of pulmonary lesions 
were observed, but these do not constitute definite stages of aluminosis, the one more or less 
merging into the other. In the first form there were unilateral or bilateral, fine, strand-like 
shadows and some pale foci; in the second type the foci were closer together and confluent 
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within the denser areas. The author found that aluminosis developed in 3.5% of the workers 
exposed to bauxite dust, in 4.9% of those exposed to alumina dust, and in 6.3% of the workers 
in the reduction plants who inhaled both alumina and cryolite dusts. No progression was noted in 
the aluminosis lesions during two years of observation. 

Since none of the workers were exposed to the inhalation of the dust of metallic aluminum, 
the author had no occasion to observe the severer lesions produced with this form of exposure. 

In contrast to the results of previous investigations, the author believes that inhalation of 
aluminum oxide does produce pulmonary changes, but rapid progression of these is improbable as 
long as the working environment does not deteriorate, that is, if the dust counts are kept down. 


THE REACTION OF MIDDLEBROOK-DvuBos IN SILICOSIS AND SILICOTUBERCULOSIS AMONG 
Coav Miners. J. Pricnort, Arch. belges méd. soc. 18:17-25 (Jan.) 1955. 


The reaction of Middlebrook-Dubos is concerned with the agglutination of red cells, sensitized 
with tuberculin, by serum dilutions of 1 in 16 or more. Since the reaction was originally described, 
it has been modified in several ways. Certain modifications, carefully explained, were employed 
in this study, in which the reaction was tried out on 82 silicotic coal miners, of whom 18 were 
tuberculous, while 16 miners with no pneumoconiosis but with tuberculosis acted as a control 
group. Positivity of the reaction was found to depend upon the presence of tuberculosis rather than 
upon the presence of silicosis. So much was this so that the low proportion of positivity found in 
advanced cases of silicosis is against the widely accepted claim that the passage of isolated nodules 
to more advanced confluent silicosis is dependent upon a superimposed tuberculous infection. 
The reaction may thus contribute evidence in the differential diagnosis between miliary tuber- 
culosis and micronodular silicosis. ee 


Industrial Toxicology 


Amino-AcipuRIA, HypopHOSPHATEMIA, AND Rickets IN Porsoninc. J. JULIAN CHISOLM 
Jr., Heten C. Harrison, WALTER R. Epervern, Harotp E. Harrison, and C. Mone, 
A. M. A. Am. J. Dis, Child. 89: 159-168, 1955. 


A case of Pb poisoning in a 33-month-old child is described. In addition to the usual well- 
known clinical findings of acute encephalopathy and anemia, this patient presented hypophos- 
phatemia, glucosuria, amino-aciduria, and the skeletal changes of acute rickets. It is postulated 
that these findings were related and were primarily the result of a disturbance of renal tubular 
function due to Pb. This disturbance was reversible and disappeared under treatment. The 
similarity of this biochemical disturbance to that observed in the de Toni-Fanconi syndrome is 
pointed out. It is suggested that the same or related renal tubular enzyme systems are involved 
in Pb poisoning. Citrate accelerated the healing of rickets in the presence of a toxic concentration 
of Pb, which had produced the defect of calcification initially. As calcification of new bone 
occurred, Pb was deposited with the new bone salts. With the removal of Pb to a tissue where 
it was deposited in a physiologically inert form, the internal balance of Pb metabolism was 
shifted and soft-tissue concentrations of Pb were reduced; coincidentally, biochemical renal 


tubular dysfunction disappeared. Cues. Ansra 


EFFrect OF CORTISONE ON CARBON TETRACHLORIDE CIRRHOSIS IN Rats. D. DrencottT and 
H. Unear, A. M. A. Arch. Path. 58:449-454, 1954. 


Cortisone treatment considerably increased the liver damage caused in rats by carbon tetra- 
chloride vapor. Multinucleated giant cells, necrosis, and fatty changes were seen, with dense 


bundles of clumped reticulum fibers. Five. Dieses. 


Toxicity CriterR1A UsED IN JUDGING THE LABELING OF PesticipEs. J. C. Warp, Am. J. 
Pub. Health 45:723 (June) 1955. 


This paper explains the principles on which is based the Federal control program for safe- 
guarding the public against dangerous substances offered for sale as food or pesticides. The first 
laws passed for this purpose were the Food and Drug Law in 1906 and the Insecticide Act in 
1910. The latter only guaranteed an effective product containing the ingredients claimed. The 
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introduction of modern highly toxic insecticides and weed killers, such as T. E. P. P. and 
parathion, necessitated alterations in the law to safeguard the public. In consequence the Federal 
Insecticide, Fungicide, and Rodenticide Act was passed in 1948. This is strictly a labeling law 
designed to inform the public of the nature and dangers of substances offered for sale for these 
purposes in interstate commerce. The law requires manufacturers to pretest for toxicity the 
substances to be sold. The latest law passed in this field has been an amendment to the Food, 
Drug, and Cosmetic Act in 1954. This is designed to establish safety limits with regard to the 
use of poisonous substances on raw agricultural commodities. 


Joun Pemperton, M.D., Boston. 


Resprratory Disorpvers AMONG WELDERS. Ronert Cuarr, Am. Rev. Tab. & Pol. Dir. 71:877 
(June) 1955. 

The postmortem findings in one welder, the histopathologic changes in biopsy material from 
another, and the determination of the pulmonary function in four welders are reported. 

From the finding of iron oxide and localized fibrosis in the lung sections of two cases, it is 
argued that there is a causal relationship. This is contrary to the generally accepted view. Proof 
of the existence of this causal relationship, when there are many cases with iron oxide and no 
fibrosis, requires among other things the exclusion of the possibility of any other potentially 
toxic exposure. This is not easy to obtain in the case of welders who have been working for 
many years with various materials in different environments. A detailed occupational history 
and careful study of more cases like these are required. 


Recalling an x-ray survey of 250 welders, the author says: “A number of welders who 
showed practically no changes other than emphysema had more clinical evidence of respiratory 
disorders than those with nodulation demonstrable on roentgenography. It seems that, the older 
the welder, the more severe is his respiratory difficulty, irrespective of the roentgenographic 
evidences of pulmonary changes.” This last statement is also true of the population as a whole. 
The question whether welders have significantly more respiratory difficulties than do non- 


welders at various age levels is not mentioned. Curstoeun Woon, Becton 


DETERMINATION OF LEAD IN URINE. WILLIAM M. McCorp and Jonn W. Zemp, Analyt. 
Chem. 27:1171-1172 (July) 1955. 


A method is described for the determination of lead in urine, which eliminates the necessity 
for time-consuming precipitation and ashing. Lead, as lead iodide, is extracted quantitatively from 
acid solution with methyl isopropyl ketone. The lead is then removed from the ketone layer 
with an aqueous sodium hydroxide solution and is determined colorimetrically by the dithizone 
method of Snyder using the lead-bismuth separation of Bambach and Burkey. 


From THE AuTHORS’ SUMMARY. 


Tue Curonic OrAL Toxicity OF THE POLYETHYLENE H. F. Smytu C. P. 
CARPENTER, and C, S. Wert, J. Am. Pharm. A. (Scient. Ed.) 44:27-30 (Jan.) 1955. 


New chronic oral toxicity studies in animals confirm the inferences of the authors’ 1950 
paper (Smyth, H. F., Jr.; Carpenter, C. P., and Weil, C. S.: Toxicology of the Polyethylene 
Glycols, J. Am. Pharm. A. [Scient. Ed.] 39:349, 1950) that polyethylene glycols produced 
commercially since 1941 are much less toxic than the samples on which two of the authors 
first reported (Smyth, H. F., Jr.; Carpenter, C. P., and Shaffer, C. B.: Toxicity of High 
Molecular Weight Polyethylene Glycols: Chronic Oral and Parenteral Administration, J. 
Am. Pharm. A. [Scient. Ed.] 36:157, 1947). During 90 days rats were affected so nearly 
identically by polyethylene glycols from a mean molecular weight of 200 up to one of 4000 
that there seems to be no justification for considering the eight commercial materials in this 
range as toxicologically distinguishable. Apparently a compound with a mean molecular 
weigat of 6000 is definitely less toxic by mouth than those compounds of lower molecular 
weights. Polyethylene glycols 400, 1540, and 4000 had no effect upon dogs when present in 
the diet at a level of 2% for one year. Polyethylene glycols 1540 and 4000 had no effect upon 
rats in the diet at 4% for two years, and polyethylene glycol 400 had no effect at 2% for two 


291 


bes 
wi 
oS 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


years. In rats higher levels produced small nonspecific effects upon growth or minor cloudy 
swelling of the liver. This work supports the view that the polyethylene glycols may be 
considered inert when taken by mouth. 


From THE Autnors’ Conciusions [INpust. Hyc. Dicest]. 


FataL Exposure To Metuyt Cyanipe. B. Grapots, Month. Rev. New York State Dept. of 
Labor 34:1 (Jan.) and 7-8 (Feb.) 1955. 


Several cases of poisoning, one fatal, occurred among workmen who applied a corrosion- 
resistant coating to the inside of a tank with inadequate ventilation. The coating consisted 
of resins, a filler, catalyst, and methyl cyanide as the only volatile solvent. The physiological 
properties of methyl cyanide, also known as acetonitrile, are described. Its toxic action is 
reported to be due chiefly to its metabolic breakdown to inorganic cyanide. A M. A. C. of 
100 ppm has been suggested. Details of the accident as disclosed in a subsequent investigation 
are given. The safeguards for health protection in this case were inadequate. The recommenda- 
tions include the use of an approved air-supplied hood or helmet, impervious clothing for skin 
protection, exhaust ventilation with outdoor discharge, and provision for the admission of clean 
make-up air into the tanks. The resin mixing operator should also wear protective clothing and 
a face shield. The tank-coating operation was completed later without mishap, after the firms 


involved had substantially complied with the recommendations. 
involved had substantially complied with the ( lations iupusr. ive. Dicesr. 


CHLORIDE Porsoninc. M. A. RuGcGunn, J. Roy. Nav. M. Serv. 41:90-99, 1955. 


Methyl chloride produces intense cold on evaporation; hence it has been used in refrig- 
erators. But in concentrations of 8% to 18% in air it is explosive. It is an anesthetic, and 
the limit of concentration for man has been placed at 500 ppm for extended exposure over 
several weeks, but a 2% concentration may prove fatal in two hours. A number of accidents 
have happened in the Navy from leaks or from repairing a refrigerating plant; twelve cases 
occurred between 1948 and 1954. Short case histories of these cases are given. The symptoms 
were giddiness, nausea and vomiting, headache and drowsiness passing to anesthesia. When 
consciousness has returned, hallucinations and mental confusion may persist for some days. 
There are, however, no distinctive symptoms by which poisoning by methyl chloride can be 
recognized, and the nature of the exposure to risk is required to determine a diagnosis. 
Probably soon methy! chloride will be replaced by Freon 12 (Arcton 6), which is neither toxic 
nor inflammable and is equally valuable for refrigerator purposes. No agent is known to 
counteract the effect of methyl chloride. The only thing to do is to allow the anesthesia to 
pass and to treat any symptom which may appear. Generally recovery is rapid, but delayed 
symptoms and even death have been recorded two or three weeks after apparent recovery. 


B.. Coters. 


Tue Hazarps oF FLuon (POLYTETRAFLUOROETHYLENE). R. J. SuHeRwoop, Tr. A. Indust. 
M. Off. 5:10 (April) 1955. 


Seven cases of fume fever are described among men working with polytetrafluoroethylene 
(trade names: Fluon, Imperial Chemical Industries; Teflon, E. I. du Pont de Nemours & Co.). 

This valuable plastic is noted for its extreme chemical inertness and appears nontoxic at 
normal temperatures. If the temperature is raised above 300 C, it disintegrates into unknown 
fluorine compounds. Inhalation of these fumes may cause symptoms, including dry throat and 
tightness of the chest, accompanied by fever. A spot sample of urine taken during an attack in 
one case showed a raised fluorine content. 

Chemical air analysis by the Willard and Winter method revealed 3.5 mg. per cubic meter 
(expressed as Fluon). Dust samples taken with a thermal precipitator showed a very fine, 
highly refractive fume, with very rare large particles of what appeared to be Fluon in a stage of 
disintegration into a fume. Improvements in environmental conditions produced a_ tenfold 
reduction in air concentration, but a few cases have recurred. It was suggested that the most 
likely cause of individual cases is the habit of smoking cigarettes and pipes in the workshop. 
Calculation shows that, if a single particle of Fluon, 1 mm. in diameter, is burned on a cigarette, 
the quantity of fumes inhaled is equivalent to breathing a concentration of 0.4 mg. of Fluon 
per cubic meter for eight hours. 


C. H. Woop, Boston. 
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PotsoninG By CaLtcium CYANAMIDE. J. DE LARRARD and H. J. Lazarint, Arch. mal. profess. 
15: 282-287, 1954. 


Employees in a lime factory handling a new fertilizer complained of skin trouble; on taking 
food, especially if wine or beer was consumed, the skin flushed and became engorged and itching. 
The condition was temporary. It transpired that the compound contained 5% calcium cyanamide. 
The possible reactions of cyanamide in the tissues are discussed; such reactions are accelerated 
by alcohol. In the stomach hydrochloric acid converts the cyanamide into hydrocyanic acid. 
The suggestion is advanced that the manifestations described resemble those of hydrocyanic 
acid by blocking the transfer of oxygen from the blood to the tissues. 


CoNDENSED FROM Butt. Hye. [INpust. Hyc. DiceEst.] 


A CONTRIBUTION TO THE STUDY OF THE CONSTITUENTS OF SERUM IN CASES OF SILICOSIS. 
L. CuristraEns, E. Baccatriges, C. CLarys, and L. Lenore, Rev. méd. miniére 7: No. 
26/27, 14-21, 1954. 


A study was made to ascertain whether in cases of silicosis the constituents of the serum 
undergo any change which might be of value in diagnosing doubtful cases. Increase in rapidity 
of sedimentation of red cells has been claimed, but it has proved to be only a statistical entity, 
not to be trusted for individual cases. Haptoglobinemia (a-2-globulinemia) tests were tried, but 
the modifications encountered were too small to be of value. ¢-Globulins seem to increase when 
tuberculosis complicates the silicosis, whereas when silicosis occurs alone, y-globulins increase; 
but the statistics did not vary greatly from those obtained from a group of normal miners. 
Similar results came from examining the reactions of Hanger, of Wunderly-Wuhrmann, and of 
Takata-Ara. Support was also forthcoming when curves showing modifications in electrophoresis 
of the serum of silicotics were investigated. Further study may bring to light some modification 
in the serum constituents in silicotics, but the present study has not done so. 


E. L. Cottis. 


INVESTIGATIONS INTO THE REACTIONS OF HUMAN SERUM TO SiLica. C. CLaArys, Rey. méd. 
miniére 7: No. 26/27, 22-30, 1954. 


A short summary is given of the various theories propounded to explain how silica exerts its 
harmful action on living tissue. The reaction is generally thought to be a chemicophysical one. 
Certain tests were made with colloidal silica and with crystalline silica. They showed that, when 
the refractometric reaction was positive, the reaction of viscosity was also positive; but the 
inverse was not always true. The reaction seemed to be due to y-globulins. Complement did not 
play any important part. The state of the silica was important, the small particles exerting a 
strong influence and the freshness of fracture being even more important. Such crystalline silica 
possesses a heteromorphic superficial layer which reacts with serum. The reaction shown by 
serum from silicotics or those exposed to “active” silica particles is concerned with y-globulins 
and provokes modifications in the index of refraction and in viscosity. The importance of the 
inquiry is in laying stress on the activity of the superficial layers of silica crystals, an activity 


which passes away in course of time. e 2 Comes 


TITRIMETRIC MICRODETERMINATION OF LEAD WITH DITHIZONE IN AIR AND IN BIOLOGICAL 
MATERIALS. N. ZuRLO and E. Mescuia, Med. lavoro 45:668-674, 1954. 


The method proposed is an adaptation of that of Moskowitz and Burke in conformity with 
Wilkins and associates. Destroy organic matter of the sample (paper filter through which air 
has passed, blood, urine, or tissue) by digestion with HNO, and evaporate to dryness. Take up 
in 2 ml. of 6 NHCI by heating gently, add 10 ml. of water and 1 ml. of 25% NH:OH-HCI, boil 
5 minutes, cool, and transfer to a 100 ml. separatory funnel, adding 2 or 3 (5 ml.) rinsings of the 
Kjeldahl flask. Add 2 ml. of 10% NH, citrate, 2 ml. of 10% KCN, 0.5 ml. of 25% NH.,OH-HC1 
and 2.5% NH,OH to pH 9 or pH 10. Add 2 ml. of CHCl; and 2 or 3 drops at a time of 25% to 
20% dithizone in CHCl. When the CHCl, layer changes from cherry red to red-purple, the 
dithizone is in excess and the Pb has all been extracted. Remove the CHCl, layer into a second 
separatory funnel. Wash the water layer with 2 or 3 small portions of CHCls. Make sure the Pb 
is all extracted by adding to the washes a drop of the dithizone reagent—there should be no 
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color. Wash the combined CHCl; layers with 20 ml. of a solution containing 5 ml. of 10% KCN 
and 15 ml. of concentrated NH,OH in 500 ml., shaking vigorously; the excess dithizone passes 
into the water layer, coloring it yellow. Repeat until the washings are colorless. Transfer to 
another separatory funnel, and wash the CHCl; with twice its volume of 1% HCl; this takes out 
the Pb. Transfer the CHCl; to a fourth separatory funnel and wash with a few milliliters of 
the solution used to extract the dithizone. Add 0.10 ml. at a time of standard Pb solution (5 ppm). 
When the water layer is almost decolorized, draw off the CHCl; and test with 0.5 ml. portion 
of CHCl; and 0.05 ml. standard Pb solution until no more red color is extracted. From the 
volume of the Pb( NOs). solution used, calculate the Pb content of the sample. Only 50 ml. of 


i 5 ml. of b is 5 be i yithin 3%. 
urine or 5 ml. of blood is needed, and 3 to 5 can be determined within 3% Cums. Anste. 


OBSERVATIONS ON INDUSTRIAL DIsEASE AMONG WORKERS EMPLOYED AT THE PRODUCTION 
OF SUPERPHOSPHATES. V. D’Onorrio, P. LERzA, and G. Pesce, Rass. med. indust. 23: 369- 
378 (Nov.-Dec.) 1954. 


About 15 months ago there appeared in Italy a certain number of chest complaints among 
workers in a recently built factory for the manufacture of chemical fertilizers; the industry was 
new to the locality, and the employees showed some degree of concern and attributed the trouble 
to gases arising in the process. The firm concerned asked the authors of this paper to carry out 
an investigation, and this is a report of their findings. 

They briefly describe the chemical and other processes involved in converting the raw 
materials—phosphorites, bones, etc.—into the final products, the layout of premises, and the types 
of plant used. Sulfuric and phosphoric acids enter into the process, and fluorides are among the 
products which are generated. 

The investigators made a medical examination of all 83 employees, and this included blood, 
chest x-ray, and ear, nose, and throat examinations. This examination in some cases included an 
x-ray of the bones and a study of the urine against the possibility of chronic fluoride poisoning. 
The subjects complained of such symptoms as a feeling of burning in the nose and of tickling in 
the throat, moderate nose bleeding in some cases, heartburn and epigastric discomfort, and in a 
few cases chest pains, cough paroxysms, tightness, and asthenia. The general condition of the 
subjects was good on the whole. 

There were some slight catarrhal signs in the chest of five subjects, but the commonest 
changes, which are described in the paper, affected the nostrils and the nasopharynx and involved 
70% of those engaged in the superphosphates department and 80% of the workers in the sulfuric 
acid department. The elimination of fluorides in the urine gave no abnormal readings, and the 
arsenic content of the finished product did not exceed 6 mg. per 100 gm. 

The cases showed no relation either to seniority at the job (length of exposure) or to parts 
of the plant where leakage of gas or dust was to be expected. The prophylactic advice given in the 
paper is of a general or empirical nature. The complaints were found to disappear rapidly 
after a short absence from work. J. Cavent (Butt. Hye.]. 


Tue SIMPLE AND Rapip DETECTION BY POLAROGRAPHY OF LEAD IN SERUM AND IN SALIVA 
AFTER AN OpTIMUM SURCHARGE. E. BALLE-HELAERS and G. De Papuwa, Arch. belges 
med. soc. 13:26-32 (Jan.) 1955. 


Polarography has been claimed to be a simple and direct way of determining the amount of 
lead in serum. It was made more sensitive by surcharging the serum to be analyzed with an 
optimum dose of lead. The method of procedure is set forth, and some results attained are 
illustrated. The technique of the study is explained. It was established that the polarographic 
wave for lead is well determined for concentrations of 5y to 80007 of lead per 1000 cc. The 
sensitivity of the analysis is 0.1 mg. per 1000 cc., or one in a million (sic). The method presents 
advantages of simplicity, objectivity, specificity, and exactitude not obtained by the usual tests 
for lead in the blood or the urine. 


E. L. Cottis. 


HEALTH PRoBLEMS AT WELDING. S. ForssMAN, Arhiv. hig. rada 5:386-395, 1954. 


A survey is given on health problems at welding. Potential hazards from nitrous oxides, ozone, 
carbon monoxide, fumes of lead, zinc, and cadmium, and fumes containing iron oxides, amorphous 
silica, and oxides of calcium and manganese are described. The irritative effects of fumes at arc 
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welding with basic (low-hydrogen) electrodes is believed to be due to the content of fluorene 
in the fumes. The maximum allowable concentrations of arc-welding fumes have been proposed 
to 20 mg/m.’ and at are welding with basic electrodes, 10 mg/m*. The welders’ flash and its 
prevention are discussed. X-ray or radioactive isotopes used to control welds may also create a 
health hazard. It is pointed out that the most important accident risk at welding is the hazard of 
explosion at welding on drums, barrels, etc., containing explosive or flammable material. The role 
of the Commission on Hygiene and Safety of the International Institute of Welding is described. 


From THE AuTHOR’s SUMMARY. 


PROPHYLAXIS OF POISONING IN WoRK WITH THIOFOs (PARATHION) IN AGRicuLturRE. E. I. 
Spynu, Gig. i sanit. No. 9, 36-40, 1954. 


The following suggestions are for workers with parathion in agriculture: reduce contact with 
the insecticide by a four-hour working day; apply only during morning and evening hours (on 
account of lower temperature), and observe wind direction. The equipment is decontaminated 
with 5% sodium hydroxide as well as lime and 10% sodium carbonate. For first aid, after 
stomach irrigation with much water to cause vomiting, administer active carbon followed by a 
laxative. Minimum lethal concentration is estimated at 15 to 20 mg. per cubic meter. Severe 
poisoning is caused by 0.4 to 1.0 ml. per kilogram dosage. 


From Cuem. Asst. [INpust. Hyc. Dicest]. 


ACCUMULATION OF LEAD IN THE ORGANISM OF EXPERIMENTAL ANIMALS IN CONNECTION 


witH ATMOSPHERIC CONTAMINATION. M. K. KHACHATRYAN, Gigiena i. sanit. No. 1, 12-16, 
1955. 


Experiments with rabbits under various conditions of atmospheric contamination in a city and 
outside of a city, including locations near industrial plants, showed a definitely greater accumula- 
tion of Pb in bones, liver, and muscle of the animals living in conditions of atmospheric pollution 
with heavy metals. Most Pb enters the animal organism through dust settling on the plants that 
are used for food; respiratory intake is lower, and still lower is the intake through eating plants 
grown on Pb-contaminated soil. Ag, Mn, Ni, and Mo (to smaller degree) follow a similar pattern. 


Cuem. ABsTR. 
CHARACTERIZATION OF OZONE AS AN INDUSTRIAL Porson. S. M. Goropinsku, Gigiena i. 
sanit. No. 2, 28-32, 1955. 


Os tested on white mice was absolutely lethal at 0.15 mg/l. within a two-hour exposure; 
0.02 mg/l. is the maximum tolerable dose for a two-hour exposure. Exposure to 0.006-0.01 
mg/I. results in circulatory disorders (swollen vessels, redness) as well as bronchitis and catarrhal 
pneumonia. Doses below 0.004 mg/l. appear to be harmless insofar as clinical intoxication is 
concerned. However, at 0.003 mg/l. there may be observed incipient disturbances of conditioned 
reflexes, increasing with higher concentrations. The toxic action zone thus is rather narrow and 
is estimated at 0.002-0.15 mg/l. It is suggested that legal tolerance for Os in industry be set at 


0.0001 mg/I. Cuem. Apstr. 


Medicine and Surgery 
OccuPpaTIONAL HEALTH ON WHEELS. Indust. Med. 24:383 (Sept.) 1955. 


This article gives an account of the work of Dr. Logan Robertson’s Occupational Health 
Services. Particular attention is paid to that portion of the service which conducts periodic 
physical examinations anywhere in the country, on the premises of industry, through the 
facility of mobile units. The mobile units, the details of the examinations performed, the pro- 
cedure followed to gain local acceptance, and the method of reporting the findings are described. 
The article is concluded with a discussion on the advantages and disadvantages of this type of 
service. 


C. H. Woop, Boston. 
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Bursitis in MINERS’ ANKLES: THE BEAT ANKLE AND ALLIED CONDITIONS IN MINERS’ 
ANKLEs. T. A. Hunt, Tr. A. Indust. M. Off. 4:122-124 (Jan.) 1955. 


Miners working thin coal seams of 36 in. and less tend to adopt a posture not unlike that of 
tailors sitting at their work, with their legs tucked under their bodies. Where this study was 
carried out, the effective height in which the men worked was from 27 to 33 in. This posture 
brings the weight of the thigh of one leg pressing down the external malleolus of the other ankle 
against the hard floor. This pressure causes the skin to be thickened over the outside of the 
ankle, and finally bursae form. Such bursae may be the site of bursitis. Illustrations exhibit the ' 
chronic callous formation which may affect both sides as the man alters his posture. 

The outer side of the foot and ankle may receive constant and appreciable pressure against 
the ground during the whole of seven and one-half hours of a normal working shift. The hard 
floor presents fine hard particles of coa! slack. Adventitious bursae may also be produced on the 
dorsum of the foot. These bursae tend to disappear if the pressure is avoided, and they cause 
no trouble unless they happen to become inflamed and infected from without through some 
abrasion. Only such inflamed conditions deserve to be named “beat” ankle. E. L. Couus. 


Environmental Conditions 


Tue INDUSTRIAL HyGIENIST AND EAR Protection. D. E. WHEELER and ARAM GLORIG, 
Am. Indust. Hyg. A. Quart. 16:40 (March) 1955. 


The authors compare muff and insert-type ear protection with respect to noise reduction and 
comfort and conclude that insert plugs are preferable. Lubricants afford a better seal and also 
cause less discomfort to the wearer, since less pressure is exerted by the plug on the ear canal. 
External otitis seldom occurs in healthy workers as a result of using ear inserts. Variability in 
ear canal structure demands fitting under medical supervision to insure effective and com- 


fortable noise protection. Boston 


BACTERIOLOGIC STUDIES IN DISINFECTION OF AIR IN LARGE RURAL CENTRAL SCHOOLS. F. W. 
Giicreas and H. R. Reap, Am. J. Pub. Health 45:767 (June) 1955. 


Irradiation of schoolrooms and schoolbuses with ultraviolet light produced a reduction of 
39% in bacteria settling per square foot per minute, including a reduction of 44% in streptococci. 
In another school treated with triethylene glycol vapor, the respective reductions in bacterial 
count were 55% and 11%. No significant reduction in the incidence of measles, mumps, and 
chickenpox or in the number of days lost from school on account of respiratory illness was found 
in either the irradiated or the glycol-treated schools. It is concluded that school children 
experience so many extracurricular contacts affording opportunities for the transmission of 
communicable diseases that treatment of the school atmosphere alone cannot be expected to have 
an appreciable effect on the incidence of these diseases. 


Joun PemsBerton, M.D., Boston. 


MEASUREMENT OF ATMOSPHERIC POLLUTION BY ULTRAVIOLET PHotometry. D. J. Troy, 
Analyt. Chem. 27:1217-1221 (Aug.) 1955. 


A sensitive portable ultraviolet photometric analyzer is an extremely convenient device for 
determining the concentration of toxic gases and vapors in the atmosphere, but instruments 
described in the literature have generally been limited to one analytical wave length, 254 maz, 
and data on the absorptivity of gases and vapors, on which analyzer calibrations could be based, 
have been scanty. A portable ultraviolet gas and vapor analyzer, based on Hanson’s design, has 
been gradually improved during several years’ experience with a number of these instruments at 
several chemical manufacturing plants. The wave-length range of the analyzer has been extended 
by relatively simple techniques, thereby enhancing sensitivity and minimizing interference. A 
convenient gas-mixing apparatus for calibrating sensitive gas analyzers under simulated operating 
conditions at concentrations from 20% to 0.1 ppm has been developed. The extended wave- 
length range and the use of the calibrating apparatus have materially increased the utility and 
precision of the portable ultraviolet analyzer in the analysis of toxic gases and vapors in the 
atmosphere. 


From THE AuTHOR’s SUMMARY. 
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PHOTOCHEMICAL OXIDATION OF SULFUR Drioxipe IN Arr. EArt R. Geruarp and H. F. 
JounstoneE, Indust. & Eng. Chem. 47:972-976 (May) 1955. 


The photochemical oxidation of sulfur dioxide in air at concentrations of 5 to 30 ppm is a 
first-order reaction with respect to sulfur dioxide concentration. The reaction rate is slow, 
amounting to about 0.68% conversion per hour in artificial light and 0.1% to 0.2% conversion per 
hour in intense natural sunlight. Nitrogen dioxide at concentrations of 5% to 20% of the sulfur 
dioxide concentration had no significant effect on the reaction rate. The presence of sodium 
chloride nuclei and variation of the relative humidity in the range from 30% to 90% also had no 
effect on the reaction rate. The particle size of the sulfuric acid aerosol produced from the reac- 
tion was very small, varying from 0.24 to 0.4u in diameter. 


The sulfuric acid aerosol produced from the photochemical gas phase oxidation of sulfur 
dioxide apparently is not important in reducing the visibility under conditions ordinarily found 
in the atmosphere. Results of transmissometer tests on the effect of sulfur trioxide in decreasing 
visibility have been reported by the Stanford Research Institute. Accordingly, if the rate of con- 
version is 0.1% in bright sunlight, air containing 1.0 ppm sulfur dioxide would have to be exposed 
for approximately 100 hours of solar radiation to reduce the visibility to one mile. Lower con- 
centrations would have to be exposed to sunlight for a proportionately longer time. These state- 
ments refer only to the photochemical gas phase oxidation, and different results may be obtained 
by oxidation in the liquid phase, such as in the presence of a natural water fog. 


From THE AuTHORS’ CONCLUSIONS. 


PATTERN OF DAMAGE PRODUCED ON VEGETATION BY SmMoG. W. M. Noste, J. Agr. Food 
Chem. 3:330-332 (April) 1955. 


A new method of diagnosis, based on the sensitivity of certain aged cells, has been added to 
the previously known macroscopic and microscopic diagnoses of damage to vegetation. This 
pattern of damage enables one to ascertain readily whether or not the injury was caused by smog. 
This pattern has been employed by the Los Angeles County Air Pollution District, both in the 
field and in the laboratory, and by other workers in the field to assay plant damage. It has aided 
in determining that gasoline and ozone, and automobile exhaust fumes and ozone, are capable of 
producing the same injury on plants as that which is observed in the field as a result of smog. 


From THE AuTHOR’S SUMMARY. 


STUDY OF THE DISTRIBUTION AND EFFects oF Auto Exuaust GAses. Gorpon P. Larson, 
Joun C. Cuipman, and Erwin K. Kauper, J. Air Pol. Control 5:84-90 (Aug.) 1955. 


Toxicity OF CHLORSULPHONIC AcID-SULPHUR TRIOXIDE M1xturRE SMOKE CLoups. G. R. 
CaMERON, J. Path. & Bact. 68:197-204 (July) 1954. 


In an investigation relating to the effects of fog, various animal species were exposed to 
clouds of chlorosulfonic acid—sulfur trioxide smoke, in which the HCI content was some 5%. In 
two series of experiments the SO; concentrations were 60 and 30 mg/m.*, respectively. 

No deaths occurred among monkeys, goats, or rabbits exposed for 42-84 hours to concentra- 
tions of 30 or 60 mg/m.* of SO; whereas in the case of guinea pigs 11 out of 12 exposed to 60 
mg/m.° died, and 10 out of 20 exposed to 30 mg/m.* died. A few deaths occurred in rats and 
mice but were considered to be largely attributable to other causes. It would thus appear that, in 
contrast to the other animals, guinea pigs are particularly susceptible to SO;. Lung damage was 
observed in 100% of guinea pigs exposed to the higher concentration and in 80% of those exposed 
to the lower. Little or no lung damage was found in other animals. 

The author outlines the apparent course of the lung pathology in the guinea pig. As this animal 
shows severe bronchial spasm in the presence of chlorosulfonic acid fumes, it is suggested that 
the main hazard to human beings exposed to relatively low concentrations in the open air will be 


tc those who suffer from asthma or similar conditions. D. E. Hicxisu [Butt. Hye.]. 


GuIpE FOR INDUSTRIAL AUDIOMETRIC TECHNICIANS. 
Company of Wisconsin, Wausau, Wis., 1955. 


Employers Mutual Liability Insurance 


This pamphlet was designed as a teaching aid and source of information to enable the 
technician to deal more effectively with the new problems of industrial hearing conservation. 
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Brief background material is provided on the physics of sound and the anatomy and physiology 
of the ear. The audiometer is described, and suggestions on its care and maintenance are presented. 
A large section of the booklet describes techniques for measuring hearing. A standard procedure 
for a hearing measurement program is outlined. A typical audiogram, forms for recording, and 
a plan for an audiometric testing room are illustrated. A training program in industrial audiom- 
etry is outlined, with a list of reference books, pamphlets, charts, and films. A glossary of the 


most generally used terms is included. Inpust. Hyc. DIcEst 


ANNOTATED BIBLIOGRAPHY ON NoIsE, Irs MEASUREMENT, EFFECTS AND CONTROL. Industrial 
Hygiene Foundation of America, Inc., Mellon Institute, Pittsburgh, 364 pp., 1955. 


This book contains 2336 references, which are under headings and carefully indexed. 


CORRELATION OF CONCENTRATION OF SULFUR DIOXIDE AND SuLFuRIC ActD AEROSOL IN 
THE ATMOSPHERE IN DEPENDENCE ON METEOROLOGICAL ConpiTiIons. K. A. BUSHTUEVA, 
Gig. i sanit. No. 11, 11-13, 1954. 


Examination of concentration of sulfur dioxide and sulfuric acid aerosol sampled from the 
atmosphere in Moscow environments under different types of weather conditions showed a 
direct correlation between sulfur dioxide and sulfuric acid content. The aerosol concentration 
rises greatly during quiet weather. Hence the toxic principles in several recorded smogs may be 
ascribed to the highly toxic sulfuric acid aerosol formed from the air-borne sulfur dioxide. 


Inpust. HycG. DicEst. 


Determination of Air-Borne Contaminants 


DETERMINATION OF ETHYLENE OXIDE IN Arr. R. L. HoL_tincswortn and B. F. WaALING, 
Am. Indust. Hyg. A. Quart. 16:52 (March) 1955. 


An evaluation of Lubatti’s method for the determination of ethylene oxide vapors in air was 
conducted by the authors. Sulfuric acid is consumed quantitatively in the reaction of ethylene 
oxide and magnesium bromide. Titration of excess acid affords a measure of the vapor concentra- 
tion, provided that a low titratable acid mist background exists. Over the known concentration 


range of 55 to 243 ppm, the above method showed average ethylene oxide concentrations varying 
from 49 to 204 ppm. R. Dennis, Boston. 


DETERMINATION OF SMALL QUANTITIES OF ISOPHORONE IN Air. H. W. Kacy and R. W. 
Core, Am. Indust. Hyg. A. Quart. 16:55 (March) 1955. 


An analytical procedure is presented for the colorimetric determination of small quantities of 
isophorone in air by reaction of an air sample, scrubbed through glacial acetic acid, with phos- 
phomolybdic acid. The resultant molybdenum blue reaction product is measured spectrophoto- 
metrically. A procedure for the continuous preparation of samples cf known isophorone content 


in air is also presented. . — 
s also presented From tHe AutTHoRS’ SUMMARY. 


INSTRUMENTATION AND ANALYTICAL TECHNIQUES FOR THE CONTINUOUS DETERMINATION OF 
Ark CONTAMINANTS. M. Karz and G. D. Clayton, Am. Soc. Test. Mat. Proc. 53:1136- 
1159, 1954. 


Continuous instrumentation and analytical techniques in air-pollution studies are needed on 
account of meteorological and topographical factors. Aerosols can be determined by paper filtra- 
tion techniques followed by chemical and spectrographic analysis and by recording optical 
methods. For most gases instrumentation methods are limited, and continuous methods used for 
gaseous pollutants are nonspecific. The various methods are described. 


Inpust. Hyc. DiceEst. 
DETERMINATION OF CARBON MONOXIDE IN AtrR-POLLUTION StupIEs. MARTIN SHEPHERD, 
SHUFORD SCHUHMANN, and MarTHapa V. Krupay, Analyt. Chem. 27:380-383, 1955. 


At a constant rate of air sampling, the color developed by the reaction of CO with an indicator 
gel is determined by the product of the concentration of CO and the time of reaction. An air 
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sample of known composition passed through especially prepared indicating tubes can be used to 
produce color standards corresponding to known concentrations of CO. Concentrations of 1 to 


0.1 ppm and 10 to 25 ppm to 1 ppm of CO can be determined. Cum, Adore 


ADSORPTION OF BINARY HYDROCARBON MIXTURES ON ACTIVATED CHARCOAL: MOLECULAR 
WEIGHT VARIATION. FERNANDO Ore and R. W. Mou tton, J. Air Pol. Control 5:33-36 
(May) 1955. 


Errect oF Fry Asa CHARACTERISTICS ON COLLECTOR PERFORMANCE. H. J. Wuirte, J. Air 
Pol. Control 5:37-50 (May) 1955. 


MECHANISM OF SEPARATION IN THE LouvER-Type Dust Separator. J. L. Situ Jr. and 
M. J. Goctta, J. Air Pol. Control 5:51-62 (May) 1955. 


INVENTORY OF AUTOMOBILE GASES. 
Pol. Control 5:71-74 (Aug.) 1955. 


Date H. Hutcnison and Francis R. Hotpen, J. Air 


APPLICATION OF INFRARED SPECTROSCOPY TO ExHAUST GAS ANALYSIS. 
TEAGUE, J. W. Bozex, and M 


S. B. Twiss, D. M. 
. V. Sink, J. Air Pol. Control 5:75-83 (Aug.) 1955. 


FLAME PHoToGRAPHS OF LIGHT LoAD CoMBUSTION POINT THE Way TO REDUCTION OF 
HyprRocARBONS IN Exuaust Gas. J. T. WeNtwortnH and W. A. Dantet, J. Air Pol. 


Control §:91-102 (Aug.) 1955. 


Composition oF ExHAustT GASES FROM DIESEL, GASOLINE AND PROPANE POWERED MOTOR 
Coacues. Martin A. Etxiotr, Georce J. Neset, and Frep G. Rounps, J. Air Pol. 
Control 5:103-108 (Aug.) 1955. 


Rapip GENERAL PuRPOSE CENTRIFUGE SEDIMENTATION METHOD FOR MEASUREMENT OF 
DistTRIBUTION OF SMALL PARTICLES: APPARATUS AND MeEtuHop. K. T. Wuitsy, 


J. Air Pol. Control 5:120-126 (Aug.) 1955. 


TECHNIQUE FOR THE Rapip SOLUTION OF AN AtrR-PoLLuTION Eguation. F. T. BopuRTHA 
Jr., J. Air Pol. Control 5:127-131 (Aug.) 1955. 


Automatic SAMPLER, Recorper. A. D. Hosey, H. H. Jones, O. C. Marsn, and R. G. 
GALLAGHAR, Nucleonics 12: No. 12, 52-53, 1954. 


A portable instrument is described for collecting air-borne contaminants, which has the 
following features: Twenty-four individual samples can be collected on various types of filter 
media for sampling periods of 15 minutes to 6 hours. Immediately after collection, radioactivity is 
automatically determined by means of an end-window Geiger-Miiller tube, a counting-rate meter, 


and a recording D. C. milliammeter. 


An ENVIRONMENTAL Stupy oF CastinG Copper-CapMium A.toys. E. Kino, Brit. J. Indust. 
Med. 12:198 (July) 1955. 


Concentrations of air-borne cadmium oxide fume were measured in various work areas of 
two factories engaged in the production of copper-cadmium alloys. Clinical investigation by 
Bonnell (Brit. J. Indust. Med. 12:181-192, 1955) had revealed cases of chronic cadmium 
poisoning among employees. 


Average atmospheric cadmium concentrations during workshifts ranged up to 270v Cd/m. 
in spite of attempts to control fume by exhaust ventilation. There were periods of peak fume 
emission during the production cycles, and average peak concentrations varied from one and 
one-half to three times the over-all levels. Concentrations during production of master alloys 
(33% or 50% Cd) and final alloys (0.5% to 7% Cd) were found not to be proportional to the 
amount of cadmium used in the processes. In fact, the studies suggested that the percentage loss 
of cadmium to the air was greater during manufacture of final alloys. 
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Because of variations in atmospheric cadmium concentrations found and recent changes in 
working conditions of the factories studied, it was impossible to relate present concentrations 
to the incidence of cases of poisoning, which had probably been caused by exposures over a 
number of years. No definite conclusions were reached as to the safety of current working 


conditions. K. W. Netson, Salt Lake City. 


MICRODETERMINATION OF MERCURY IN AIR AND IN BIOLOGICAL MATERIALS. ANGELA MARIA 
GRIFFINI and GrovANNA GEROsSA, Med. lavoro 45:695-699, 1954. 


Pass 50 1. of air through three successive absorbers each containing 25 ml. of KMnQ, in 
oa 0.1 N H2SO,; destroy excess KMnO, with NH2OH and neutralize with NH,OH. Digest 5 
: gm. of biological material overnight with 50 ml. of HNOs, add 50 ml. of water, heat on the 
water bath, and add small amounts of KMnOQ, until the solution is decolorized. Neutralize with 
NH.OH, slightly acidify with HNOs, and destroy excess KMnQ, with a few drops of 25% 
NH:OH. Place the solution thus prepared containing 5y-10y Hg in a separatory funnel, add 
HCI to pH 1, 2 ml. of 25% NHsOH.HCI, and then 2-3 drops at a time of 2.5%-3% dithizone in 
CHCl: shaking each time until a green color can be seen in the orange-yellow of the CHCls 
layer, indicating an excess of dithizone. Transfer the CHCl; layer to a second separatory funnel, 
add 2% NH.OH to the water layer to pH 9-10, add 2 ml. of CHC; and a drop of the dithizone 
solution. If the CHCl; assumes a red color, the extraction of the Hg is complete; if yellow, some 
Hg was not extracted at pH 1. In this case, add more dithizone until the CHCl: layer is red, 
treat with Cl water, add HCl to pH 1, and add the CHC, layer to that separated before. Shake 
with 20 ml. of 10% NH,sOH to remove excess dithizone, and draw off the CHCls layer into a 
third separatory funnel. Add 20 ml. of the “dithizone extractive solution,” containing 100 ml. of 
NH.OH and 25 ml. of 5% KCN in 2500 ml., and 2 ml. of 10% KCN. Add enough standard 
Pb solution to contain 407-507 Pb, shake, and draw off the CHC1; layer now containing the Pb 
compound. From this point determine the Pb as in Zurlo and Meschia method. Multiply Pb found 
= by 0.966 to obtain Hg. 


Cuem. Apstr. 


4 CoMPARATIVE MEASUREMENTS ON AEROSOLS OF FINE PARTICLES WITH A THERMAL PRE- 
a CIPITATOR AND A Suit ULtTRAMIcROosCcOPE. G. ZEBEL, Staub (Dusseldorf), No. 39, 21-29 
; (March 15) 1955. 

Counts of the number of particles per cubic centimeter were made on an aerosol containing 
particles of dried India ink between 0.54 and 5u in diameter. A slit ultramicroscope with Stumpf’s 
method was used as a standard of reference for thermal precipitator determinations. The latter 
instrument was of Walkenhorst’s design with a ribbon-heating element; on one side of this the 
usual cover slip, backed with solid metal, was fitted, and on the other a perforated electron 
microscope diaphragm coated with a collodion film. 

Electron microscope counts were made of particles collected simultaneously on the collodion 
film and on a Formvyar (polyvinyl formaldehyde plastic) film stripped from the cover slip 
(technique of Cartwright and Skidmore). 

The stripping technique agreed on the average within 0.5% with the ultramicroscope estima- 
tions, but the older method, with the collodion film over perforations in the diaphragm, came 
out 37.5% low. This is ascribed to poor heat conduction from the exposed parts of the film. [The 
conclusions would have been more valuable had the author confirmed that the air flow was the 
same on both sides of the heating element in the thermal precipitator. | 


C. N. Davies [Butt. Hya.]. 


DETERMINATION OF HypROGEN SULFIDE IN THE ATMOSPHERE. W. LANG and E. Maper, 
Ztschr. Analyt. Chem. 145:179-184, 1955. 


Pass the air through a dilute solution of iodostarch and measure the extinction of color. 


This is a good way to determine 107-307 of H.S. Cuew. Anste. 
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DETERMINATION OF CARBON MONOXIDE TRACES IN MINE GASES. 
33:156-158, 1953. 


FERDINAND G tac, Paliva 


A description is given of the classical method for determining traces of CO in mine gases, 
including Glac’s modified apparatus. CO is oxidized over crystallized 1.0; in a vertical tube 
electrically heated at 196 C. Free I. is absorbed in excess of 0.002 Na:S.Os and back-titrated 


with 0.0008 Crem. 


Ventilating, Air Conditioning and Engineering Control 


CoLLection ErFicieENcy oF Atk CLEANING AND AIR SAMPLING FILTER Mepta. J. J. Fitz- 
GERALD and C. G. DetwiLer, Am. Indust. Hyg. A. Quart. 16:123 (June) 1955. 


Collection efficiencies of Whatman 40 and 41, Hollingsworth and Vose H-76, AEC 1, CC 6, 
and MSA 1106 B filter media were obtained at several velocities (0.5 te 250 cm/sec.) with 
duraluminum particles and atmospheric dust. Sizing data were obtained by light-field micro- 
scopic and electron microscopic measurements. Experimental data indicate several “apparent” 
optimum filtration velocities which in the mind of the reviewer warrant further explanation. 


R. Dennis, Boston. 


CONTROLLING ATMOSPHERIC CONTAMINANTS IN THE SMELTING AND REFINING OF COPPER- 
Base Attoys. Harry E. Scuwartz, Leo E. KALtan, and ARNOLD Stern, J. Air Pol. 
Control 5:5-9 (May) 1955. 


A. 


ENGINEERING WASTE DisposaAL TO PREVENT AIR POLLUTION. 
BowerMa\, J. Air Pol. Control 5:10-12 (May) 1955. 


M. Rown and F. R. 


CONTROL OF EMISSIONS FROM THE PROCESSING OF NONCOMBUSTIBLE MUNICIPAL REFUSE. 
J. N. MitcuHett and S. G. Grittetre, J. Air Pol. Control 5:13-16 (May) 1955. 


Economics OF VAPOR RECOVERY FROM STORAGE Tanks. C. A. Day, J. Air Pol. Control 
5:17-20 (May) 1955. 


Fume FILTERS FOR THE ROOFING INpDustRY. E. Tonyes, J. Air Pol. Control 5:21-22 (May) 
1955. 


SmoG CONTROL IN THE STEEL INDUsTRY. Harry Dok, J. Air Pol. Control 5:23-26 (May) 
1955. 


Some Factors AFFECTING FLty-AsH CoLLECTOR PERFORMANCE ON LARGE PULVERIZED 
Fuet-Firep Boirers. C. R. Fropin and H. H. Haatranp, J. Air Pol. Control 5:27-32 
(May) 1955. 


ENGINE VARIABLES AND THEIR EFFects ON Exuaust Gas Composition. J. M. CHANDLER, 
W. A. Cannon, J. C. NEERMAN, and ArtHur Rupotpn, J. Air Pol. Control 5:65-70 
(Aug.) 1955. 


Some Errects or Encine-FueL VARIABLES ON Exuaust Gas HyprocarBoN CONTENT. 
F. G. Rounps, P. A. Bennett, and G. J. Neset, J. Air Pol. Control 5:109-119 (Aug.) 1955. 


Wettinc Acents In Dust Controt 1n Mines. A. Houserecuts and G. DEGUELDRE, 
Communication 121, Hasselt: Institut d’Hygiéne des Mines, Oct. 25, 1954. 


Water is much used for the reduction of dust in mines, but used in excess, it brings difficulties 
of roof control and of excessive humidity in deep and hot mines. To secure better wetting of 
the dust with less water, wetting agents are now widely used. In August and September, 1954, 
at a conference in Paris, detergents and wetting agents were’ discussed. One section of the 
conference dealt with mines and minerals, and this publication from Hasselt gives brief annota- 
tions of the papers that were presented to that section. 
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Four papers dealt with the fixation of dust to surfaces and its consolidation on roads, e. g., 
by wetting agents or by the use of common salt or calcium chloride. Two papers were concerned 
with the suppression of dust due to drilling by the use of water to which wetting agents had been 
added. Another paper described encouraging results obtained by spraying heaps of coal with 
water plus a wetting agent before loading. 


Water infusion of the coal seam was the subject of two papers. One author found that the 
addition of wetting agents to the water used for infusion made no significant change in the dust 
created when the coal was brought down, whereas the second reported encouraging results 
from wetting agents. The explanation of the lack of effect reported by the first of these authors 
is probably that there was excessive formation of froth. 


Four papers were concerned with the use of water sprays from atomizers. Trials of the 
efficacy of wetting agents carried out at loading points by one author gave no evidence that these 
agents caused better dust suppression, whereas another author found substantial improvement, 
and the experience of the authors of the present communication was that wetting agents were 
of value in this application. Two other papers dealt with the use of foam in dust suppression. 

Some findings of the Hasselt Institute on the characteristic physical properties of wetting 
agents and the results of trials of water infusion and atomization are also described. 


Tuomas Beprorp [Butt. Hye.]. 


Prrot StupiEs oF A Continuous SLAG FILTER ror OpeEN-HEARTH FUME. 
Cuartes E. Britines, Davin W. SMALL, and SILVERMAN, Read before the Air 
Pollution Control Association, May 23-26, 1955. 


Reprints of this and other papers read at the Annual Meeting of the Air Pollution Control 
Association are obtainable from the Association at 4400 Fifth Ave., Pittsburgh. 

The authors’ summary is as follows: This report includes laboratory investigations of the 
resistance and efficiency of commercial spun slag wool filters used to filter iron oxide contained 
in a high-temperature gas stream (600 to 1200 F). Field tests of a continuous web of slag wool 
filters used to filter open-hearth-furnace fume at temperatures from 400 to 700 F are also 
reported. Filtration velocity in both studies averaged about 100 ft. per minute. 

Laboratory studies indicate that collection efficiencies over 90% may be obtained with 1 in. 
thick pads of slag wool packed to 5 and 10 Ib. per cubic foot density. Resistances initially ranged 
from 2 to 8 in. of water and increased 2 to 14 in. during filtration of 0.1 grain per cubic foot 
of a fine iron oxide aerosol. 


Field studies of a continuous web of slag wool showed variations in efficiency from 10% 
to 90%. Filter resistance was maintained near 4 in. of water during operating periods ranging 
from one-half to three hours. A correlation between inlet fume loading and furnace production 
was observed, which influenced filter requirements. Mechanical factors in the test unit tending to 
lower the efficiency of the continuous web were determined, and suitable redesign may be expected 
to eliminate these faults. 


Based on field studies, it was found that an average 250 ton hot-metal open-hearth furnace 
would require 1 to 3 tons of slag wool per day to filter stack gas. 
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News and Comment 


ANNOUNCEMENTS 


Annual Meeting of Western Industrial Medical Association—The Western 
Industrial Medical Association of the Industrial Medical Association announces its coming 15th 
Annual Meeting, in conjunction with the California Medical Association Meeting, to be held all 
day. 


Time.: 8:15 a.m. to 5 p. m., Saturday, Aprii 28, 1956. 


Place: Ambassador Hotel (Venetian Room), Los Angeles. 
No registration fee. 


Anyone interested in the management, treatment, and consideration of industrial medical and 
traumatic conditions or industrial compensation work is welcome to attend. All physicians, nurses, 
management, employment personnel, safety personnel, legal profession, or others with allied 
interests are especially invited to attend and participate in this meeting and program to be 
presented. 

MORNING 

Reports of Committees and reports of Directors’ Meeting: Report on Status of Certification— 
R. T. Johnstone, M.D. 

The Electromyogram and Its Use in Industrial Medicine in Practice—Albert A. Marinacci, 
M.D. 

What the Industrial Physician Should Know About the Use and Possible Hazards from 
Nuclear Reactors and Multicurie Sources—M. A. Greenfield, Ph.D., Associate Professor, 
Radiology, U. C. L. A. 

Don’t Blame Industry for Household Poisonings—T. J. Haley, Ph.D., Associate Clinical 
Professor of Medicine, U. C. L. A. 


Is There Lack of Cooperation Between the Industrial Physician and the Industrial Nurse? 


AFTERNOON 

The Practice of Medicine in an Industrial Society—W. P. Shepard, Second Vice-President, 
Metropolitan Life Insurance Company. 

What Is the Place of the Medical School in Occupational Medicine in Respect to Teaching, 
Research, and Service?—Stafford L. Warren, M.D., Dean, U. C. L. A. School of 
Medicine. 

Preliminary Report on a New Method of Measuring Liver Damage and Kidney Damage by 
the Use of Radioisotopes—George V. Taplin, Associate Clinical Professor of Medicine, 

Workmen’s Compensation Clinic Hour—Selected representatives from the various institutions 
involved in this type of work will answer questions from the audience on industrial 
medicolegal compensation insurance problems. 

This should prove a well worth-while program for professional as well as nonprofessional 
personnel who are engaged in, or have interest in, the solution of industrial medical and compensa- 
tion problems. 

A detailed program will be available at a later date. Anyone interested is invited to write 
or telephone the Secretary, Dr. Edward J. Zaik, 740 S. Olive St., Room 220, Los Angeles 14, 
Calif. ; Telephone: TUcker 2381. Epwarp J. Zax, M.D. 


Secretary 
Western Industrial Medical Association 
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Human Variables in Motor Vehicle Accidents: A Review of the Literature. By R. A. 
McFarland, R. C. Moore, and A. B. Warren. Limited number of complimentary copies avail- 
able. Pp. 203, including bibliography and topical index to bibliography. Department of 
Industrial Hygiene, Harvard School of Public Health, Boston, 1955. 


Traffic and safety people have long been clamoring for just such a critical review of the 


literature as Dr. McFarland and his associates have now produced. Most significant to this 
reviewer are: 


(1) The emphasis on the multiple causes of accidents and on viewing each accident as a 
whole, with driver, vehicle, and road in intimate interrelationship. 
(2) The presentation of a general theory of why drivers get into accidents and how the 


vehicle, the road, and the sociolegal environment help them to do or not to do so. 
(3 


The clear analysis of accident proneness, which has been so widely misunderstood and 
its importance exaggerated. 


(4) 


The appraisal of the inconclusive attempts of many researchers to relate the sensory, 
psychomotor, psychological, and physical characteristics of drivers to their accident 
experience, and of the more promising approach through measurement of personality 
and adjustment factors. On the incomplete evidence available, a man probably “drives as 
he lives” rather than as he sees, reacts, or thinks. ‘ 


The “epidemiological approach” is urged and is defined (p. 15) as “collection of the accident 
facts,” “establishing causes,” “developing specific preventive measures,” and “periodically evalu- 
ating the accomplishments.” 

Splendid! This is just what traffic safety agencies have been doing for the past 30 years, 


albeit imperfectly, by trial and error, ever praying for scientific studies to test hypotheses and 
refine techniques. The approach is not “recent,” only the name. 


One feels some overemphasis on the role (and the vocabulary) of medicine and public health. 
These have contributions to make, but so have psychology, sociology, political science—indeed, all 
the behavioral sciences. The moralists need to give us a code of ethics for this brand-new human 
activity, driving. 

The appraisal of human variables naturally led the authors to consider what can be done to 
identify and influence driver behavior by such means as driver licensing, policing, and school and 
public education. On these subjects the findings are incomplete and in a few cases inaccurate. 
Apparently the libraries and files of the national traffic safety organizations were not fully utilized. 


For the whole area of mass accident-prevention measures there is, in fact, a generally accepted 
“conceptual framework,” which includes : 


(1) The respective roles, the interactions and interdependence of Engineering—making 
vehicles and roads as foolproof as possible; Education—informing people, training them, getting 
them voluntarily to drive and walk safely, and Enforcement—laws, police, courts, driver licensing 
—to back up the other two and keep the recalcitrant minority in line. 


(2) The much greater effectiveness of a continuous balanced program embracing all these 
elements as compared with any partial program or sporadic “drive.” 


(3) The vital need for cooperation of all official and unofficial efforts, for mobilizing public 
support of official programs, and, to this end, for traffic safety organizations in cities and states. 


In organization and presentation the report is outstanding. It is required reading for all future 
researchers. It also will influence the thinking and actions of nonscientific traffic people—if they 
will read it. Translation of appropriate portions into the vulgate will be a big help. 


Srpney J. WILLIAMs. 
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Occupational Health Program, 1014 Broadway, Cincinnati 2, Ohio 


POISON CONTROL CENTERS: 


A New National Movement 


The inventive and industrial genius of man 
is multiplying both the conveniences and the 
hazards of daily living at a very rapid rate. 
Products that range from do-it-yourself hair 
wave solutions, fabric, metal, or wood clean- 
ers, and dyeing and coating solutions to a 
wide variety of insecticides, rodenticides, and 
herbicides number in the thousands. They 
are available to almost every household for 
fruitful use or perhaps fatal misuse. In addi- 
tion to being a special hazard with the explor- 
ing infant or toddler, the substances are also 


there are scores, or even hundreds, of non- 
fatal cases. in the first 864 
cases of poisoning that cleared through the 
Chicago Poison Control Center there were 
eight deaths, giving a ratio of about 100 
nonfatal cases to a single death. It must be 
remembered that these are cases of poisoning 
serious enough to require hospital treatment 
on an in-patient or out-patient basis and that 
many additional patients are treated at home 
the physician’s office. Thus, although 


For example, 


or in 
there 


is no exact count of nonfatal cases of 
poisoning available, they probably number 
in the hundreds of thousands. 


of concern in the accidental or careless misuse 
by adults both in the manufacturing proc- 


Moreover, at 
ess and in the later utilization. 


the rate that new chemical compounds are 
being synthesized and distributed with the 
aid of modern advertising and merchandizing 


For every one of the fatal poisoning cases 


recorded (Table 1), one can be sure that 


TABLE 1.—T ype of Poisoning by Age, Intent, and Outcome 
Composite Table of _ Reports on 3877 Cases from Centers i in Thirteen Cities * 


Over 10 Years 
Under Age 5 Years Age Years — 


Non- Non- - 
Substance Swallowed Fatal fatal Fatal fatal Aecident Suicide Aecident Suicide 
Laxatives (unflavored) 10 1 
Laxatives (type 35 we 
Other internal medications................. 2 206 6 1 47 ll 
Cleaning agents and other chemicals............. 17 1389 47 4 7 143 
1 91 11 1 ll 
Other petroleum distillates................... 119 5 os 5 
ead poisoning from paint..................... 15 100 1 10 1 i 10 
975 ee 9 4 1 82 
20 2532 1 69 47 3 994 211 


* Boston, Cincinnati, Chicago, Durham, Grand Rapids, Harrisburg, Louisville, New Bedford (Mass.), Newark (N. J.), 
New York City, Phoenix, Springfield (Ill.), Washington (D. C.). Age breakdown not received on 1559 cases from Chicago 
and Washington, D. C., which have been counted as under 5 years of age, although approximately 10% or more of these 
are over 10 years. Lead poisoning and deaths not included in Chicago cases. 
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methods, an even greater accidental threat 
to health from poisoning is likely in the future. 


Fortunately occupational and _ industrial 
health has developed to a point where organ- 
ized safety precautions are commonplace in 
the manufacture of these substances, but 
until recently there was no organized, effec- 
tive, coordinated approach to other aspects of 
the problem. Now, thanks largely to the 
initiative of the American Academy of Pedi- 
atrics, with the wholehearted support of the 
American Medical Association, the American 
Public Health Association, and Federal 
agencies including the Food and Drug Ad- 
ministration, the Public Health Service, and 
the Children’s Bureau, definite progress 
seems to be in the making. 


The first well-organized community poi- 
soning control center got under way in 
Chicago in the fall of 1953 under the sponsor- 
ship of the Illinois Chapter of the American 
Academy of Pediatrics. Although this was 
primarily directed at children accidentally 
swallowing some of the multifarious poten- 
tially toxic products in the home, it was a 
cooperative venture of the local health depart- 
ment, all five medical colleges in the city, 
the out-patient departments of the major 
Chicago hospitals, the state toxicological 
laboratory, and the state crippled children’s 
agency. In addition, the advice and consulta- 
tion were obtained of representatives of the 
American Medical Association, the Federal 
Food and Drug Administration, and the 
National Safety Council. The Public Health 
Service shared indirectly in this venture 
through the assistance of the unclassified 
portions of the information in its carefully 
compiled “trade names index,” which was 
one of the sources of material in the basic 
manual on “Accidental Poisoning in Child- 
hood” that was used in the program. 


Since the organization of the Chicago 
Poison Control Center many other cities 
developed somewhat similar centers but modi- 
fied them to best fit their own local situation. 
As of November, 1955, centers in 14 cities 
were in operation (Table 2). 
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TABLE 2.—Poison Control Centers in Operation 
(November, 1955) 


Boston, Mass. Lendon Snedeker, M.D. 
Executive Secretary 
Boston Committee for the Control of 
Accidental Poisoning in Children 
Boston, Mass. 
Joseph Cristian, M.D. 
Chairman 
Department of Pediatries 
Stritch School of Medicine 
706 S. Woleott St. 
Chicago, Ill. 
Kathryn Willis, M.D. 
Chief Resident 
Southwestern Medical School 
University of Texas 
2211 Oak Lawn Ave. 
Dallas, Texas 
Jay Arena, M.D. 
Duke Hospital 
Durham, N. C. 
Grand Rapids, Mich. Mark W. Dick, M.D. 
1508 The MeKay Tower 
Grand Rapids 2, Mich. 


Rosemarie J. Tursky 

Child Health Committee 

Dauphin County Medical Society 

1000 N. Second St 

Harrisburg, Pa. 

Irving Rosenbaum, M.D. 

401 E. 34th St. 

Indianapolis 5, Ind. 

in association with Health and 
Hospital Corporation of Marion 
County 

307 City ‘Hall, Indianapolis 4, Ind. 


William Curtis Adams, M.D. 

Assistant Professor of Child Health 

Coordinator of the Louisville 
Poisoning Control Program 

School of Medicine 

University of Louisville 

Louisville 2, Ky. 

William H. Fost, M.D. 

Babies Hospital 

15 Roseville Ave. 

Newark 7, N. J. 

New Bedford, Mass. George W. Starbuck, M.D. 

Director Chairman 

American Academy of Pediatrics 

Accident Prevention Committee 

68 Arnold St. 

New Bedford, Mass. 


Harold Jacobziner, M.D. 

Assistant Commissioner 

New York City Department of Health 
125 Worth 

New York 13, N. Y. 


Phoenix, Ariz. Paul J. semua M.D. 
Chairman 
Committee on Safety 
Maricopa County Medical Society 
2025 N. Central Ave. 
Phoenix, Ariz. 
J. Keller Mack, M.D. 
St. John’s Hospital 
Springfield, Ill. 
Allan B. Coleman, M.D. 
1433 Whittier St., N. W. 
Washington 12, D. C. 
The following poison control centers are under active 
development but are not yet in full operation. 
Buffalo, N. Y. William Mosher, M.D. 
Director 
Bureau of Maternal and Child Health 
Erie County Department of Public 
Health 


Chicago, Ill. 


Dallas, Texas 


Durham, N. C. 


Harrisburg, Pa. 


Indianapolis, Ind. 


Louisville, Ky. 


Newark, N. J. 


New York, N. Y. 


Springfield, Il. 


Washington, D. ©. 


and 
Mitchell Rubin, M.D. 
Professor of Pediatrics 
University of Buffalo School of 
Medicine 
Buffalo, N. Y. 
Robert H. Kotte, M.D. 
1710 Madison Rd. 
Cincinnati, Ohio 
Cleveland, Ohio Ralph C. Lohrey, M.D. 
18599 Lakeshore Blvd. 
Cleveland 19, Ohio 


Cincinnati, Ohio 
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Tasie 2.—Poison Control Centers in Operat.on 
(November, 1955)—Continued 


Denver, Colo. Winona G. Campbell, M.D. 
County Hospital 


Denver, Colo. 


Memphis, Tenn. Albert M. Jones, M.D. 
4720 Poplar St. 
Memphis, Tenn. 
Nashville, Tenn. Joseph M. Strayhorn, M.D. 


1924 Chureh St. 
Nashville, Tenn. 
Oakland, Calif. Edith M. Myers, M.D. 
(Northern California) Chief OPD 
Children’s Hospital of East Bay 
5ist and Dover St. 
Oakland 9, Calif. 
Emil A. Tiboni 
Chairman 
Program Committee for Accident 
Prevention 
Philadelphia Department of Public 
ealth 
Room 632, City Hall Annex 
Philadelphia 7, Pa. 
Kenneth D. Rogers, M.D. 
Associate Professor of Maternal 
and Child Health 
University of Pittsburgh School of 
Publie Health 
Pittsburgh, Pa. 


Philadelphia, Pa. 


Pittsburgh, Pa. 


The manner of organization of each center 
varies with the community and its medical 
and related facilities. The core around which 
the program operates may be a health depart- 
ment, a hospital, a medical college, a local 
medical society, or a combination thereof. The 
agencies and institutions participating in 
these centers may vary from a single one 
to over a hundred different ones. 

Provision for 24-hour service has posed 
a problem for some of the centers, but most 
of them have met this challenge successfully. 


Assessment of Health and 


The British Occupational Hygiene Society was 
formed in 1953 to further the aims and ideais of 
occupational health in Britain. This summary of 
the society's fourth conference was prepared for 
the Occupational Health Review of the Depart- 
ment of National Health and Welfare, Ottawa, 
Canada, by C. D. Davies, D.Sc., F. Inst. P., Hon. 
Editor of Transactions, London School of Hy- 
giene and Tropical Medicine. 


The fourth conference of the British Occu- 
pational Hygiene Society, dealing with health 
and disease in industry, was held at the 
London School of Hygiene and Tropical 
Medicine in April, 1955. 
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There has, however, been considerable vari- 
ation in the ease of accessibility and degree 
of completeness and authoritativeness of the 
telephone information given. The usual 
method of achieving 24-hour telephone cover- 
age has been through the emergency-room 
service of one or more of the participating 
hospitals, utilizing the intern or resident on 
call and allowing him to use his judgment 
in deciding when to telephone his superior 
or the outside consultant designated. The 
telephone exchange of the local medical 
bureau is another device used for 24-hour 
information, and one large city health de- 
partment (New York City) has a 24-hour 
telephone information service available. Var- 
ious types of records ranging from a single 
post-card report form to a four-page mimeo- 
graph follow-up form for health department 
personnel are used in the various centers. 
Several of these centers issue periodic re- 
leases or bulletins warning of new or in- 
creased toxic hazards that may have come to 
their attention or recommending recently 
developed treatment methods. 


Epwarp Press, M.D., M.P.H. 
Field Director, American Public Health Asso- 
ciation. 
Chairman, Subcommittee on Poisoning, Accident 


Prevention Committee, American Academy of Pedi- 
atrics. 


Disease in Industry 


Dr. Donald Stewart, Chief Medical Officer 
of the Austin Motor Company, read the first 
paper. He defined occupational health as the 
application of medical knowledge to the 
employment circumstances of the individual 
which affect his physical and mental well- 
being. A unique opportunity to promote 
health was offered to those who managed 
industry, and it was vitally important that 
technical and medical advice of high quality 
should be available for them. Legislation in 
this field has a far-reaching effect and should 
be carefully planned. 

Occupational health extends far beyond 
curative medicine and must enlist the aid of 
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experts in engineering, toxicology, and chem- 
istry, but wide problems of clinical medicine 
are still important in industry, and concern 
with environmental and epidemiologic stud- 
ies alone is inadequate. 

Illness due to toxic substances, disabilities 
arising from accidents, psychiatric disturb- 
ances associated with occupation, and aggra- 
vation of disease processes by work demands 
are all familiar to the industrial practitioner. 
Another aspect of the clinician’s work is con- 
cerned with placement ; many disabled work- 
ers are effective producers in the right job. 
Work study is a natural corollary to clinical 
assessment of capacity and may also reveal 
toxic or physiologic hazards. An opportu- 
nity exists for adapting present-day tech- 
niques of job analysis to the requirements of 
workers in the field of occupational hygiene 
and medicine. 


Aids to the assessment of health in indus- 
try include the provision of machinery for 
carrying out investigations, the availability of 
expert advice, and the provision of an infor- 
mation service. The respective responsibili- 
ties of government departments, universities, 
research bodies, and of industry itself need 
to be thought out with these problems in 
mind. 


Most of the discussion on Dr. Stewart’s 
paper centered around the provision of ancil- 
lary services, such as x-ray, dust counting, 
and chemical analysis, upon which the indus- 
trial doctor could draw. Help which had 
been given in certain cases by the Public 
Health Laboratory Service, the Factory 
Department, the Medical Research 
Council was mentioned, and it was suggested 
that the Public Analyst might extend its 
work beyond the analysis of water and food 
to include estimation of toxic substances. In 
reply, Dr. Stewart said he thought that the 
country could not afford to have such inves- 
tigations carried out at the public expense 
and that industry should pay for them and 
would be willing to do so if proper arrange- 
ments were made; a lead should be given 
here by the Ministry of Labor. 
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The next paper, by Dr. R. Murray, H. M. 
Medical Inspector of Factories, Manchester, 
dealt with the medical work of the Factory 
Department. 

The Department works through its Medi- 
cal Inspectors whose duties include investi- 
gations of industrial disease, supervision of 
Appointed Factory Doctors, and liaison with 
factory medical officers and others concerned 
with occupational health. The Appointed 
Factory Doctors are general practitioners 
who carry out statutory medical examina- 
tions of young persons and periodic examina- 
tion of workers exposed to special hazards ; 
they also report cases of notifiable industrial 
diseases and of gassing. 

In the ensuing discussion tribute was paid 
to the work of the nonmedical inspectors— 
chemical, engineering, and electrical. Of a 
total of 400 inspectors, only 13 are medical; 
the number of factories served was about a 
quarter of a million. The industrial nurse 
also occupies an important position, and in 
many factories there is only a nurse with no 
full-time medical officer. Concerning the noti- 
fication of certain diseases, attention was 
drawn to the unnecessary duplication which 
resulted from the definition of both notifiable 
and prescribed diseases; the necessity of 
ensuring that the employer should be aware 
of his responsibilities in the matter was men- 
tioned. 

The third paper was presented by Dr. R. 
McL.. Archibald, Medical Officer, North- 
Eastern Division, National Coal Board. Con- 
sidering health, he emphasized that the pre- 
employment medical examination should be 
related to the industry which it served. 
A standard which would be perfectly satis- 
factory for light work might not be good 
enough in heavy industry. Productive occu- 
pations for rejects from occupations involv- 
ing severe stress must be sought for in work 
making smaller physical demands. There was 
an enormous variation from the normal, 
within the range of physical fitness. The 
medical examination should be directed 
toward finding the most suitable job for the 
applicant with regard to his physical capacity, 
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not to the elimination of persons unlikely to 
be able to fill a particular post. 

Dr. Archibald mentioned many important 
practical aspects of the work of the industrial 
medical officer. These included his place in 
pilot experiments with new substances, the 
need for prompt evaluation of hazards, the 
importance of familiarity with men, manage- 
ment, and plant, the keeping of records, and 
collaboration with engineers and scientists. 
The problems that had to be dealt with were 
usually quite mundane, and research should 
be conceived with this in mind. 

Points raised in the discussion included 
the position of the industrial medical officer 
in relation to general practitioners. When the 
factory medical department was closed, the 
worker had to go to the latter who also had 
the advantage of being backed by the hos- 
pital service. The workers might tend to use 
their general practitioners on all occasions. 
The works medical officer had to provide, 
with the help of his management, an effec- 
tive service which would encourage employ- 
ees to come to him; if he provided himself 
with technical assistance, it would enable him 
to carry out his investigations more satisfac- 
torily. 

The necessity of observing the effect of 
standards in preemployment medical exam- 
inations was emphasized ; it would not do to 
exclude a large section of the population from 
industry. 

The final speaker was Prof. A. Bradford 
Hill, F.R.S., of the Department of Medical 
Statistics and Epidemiology, London School 
of Hygiene and Tropical Medicine. He 
spoke of the relationship between the deaths 
of men employed in different ways and 
the number of men so employed, as re- 
vealed by the analysis of death certificates 
and of the census. Such statistics require 
cautious interpretation—for instance, a rela- 
tively high death rate in a light occupation 
may only mean that the physically unfit are 


attracted to it. Again, the death certificate 
records the occupation followed at the time 
of death, whereas the cause of death may be 
associated with an earlier occupation. The 
mortality of wives of men engaged in differ- 
ent occupations is also recorded on the death 
certificates of the latter; so some separation 
of specific occupational influence from that 
of general environment is possible. These 
routinely collected mortality statistics are 
unlikely to solve the problems, but they do, 
at least, bring them to notice and promote 
research. 

The sickness incidence 
raises still more difficulties. Defining it as 
incapacity to work brings into the recorded 
rate not only pathologic conditions but many 
other social, administrative, and economic 
factors which influence the incidence rate and 
complicate comparison within and between 
industries. The aim of sickness recording in 
occupational hygiene is to promote the devel- 
opment of preventive 


measurement of 


measures. It is 
doubtful if a national system would give 
worthwhile returns for the heavy work of col- 
lection and analysis. 

Analogous experiences in measuring 
health and disease in the coal industry were 
mentioned in the discussion. The vast major- 
ity of miners with massive fibrosis of the 
lungs died outside the industry ; another dis- 
advantage of using death as an index of 
occupational hazard was the number of dis- 
eases, particularly the rheumatic ones, which 
did not kill. Absenteeism is a possible index 
for which exact figures are available, but at 
present they are quite impossible to interpret. 
This was being investigated by the National 
Coal Board. It seemed probable that the only 
place in which health could be measured in 
relation to an industry was not in the indus- 
try itself but in the industrial community. 
One of the main difficulties here was in get- 
ting a reproducible lower limit to the various 
diseases. 


; 
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SMALL PLANT DENTAL PROGRAMS 


In industry or anywhere else dental defects are 
a serious destroyer of efficiency, sleep, comfort, 
and well-being. Dr. Harold Noyes presents here 
some of the reasons for bringing the dental 
health of workers up to par and keeping it there. 
The material was given at the Pacific Northwest 
Industrial Health Conference. 


Industry has far less experience in the 
area of dental health than in the broad field 
of medical care. I know that under ordinary 
circumstances the dental program follows the 
development of a medical program, which I 
think is a logical sequence. In the East and 
Middle West a number of dental programs 
are in operation. I tried without success to 
find any dental programs in the State of 
Oregon. A few may exist in the Northwest. 

With regard to the need for dental pro- 
grams, | can indicate that the time lost 
through absenteeism because of dental ills is 
no inconsiderable amount. At the Brooklyn 
Navy Yard the employees lost 16 man-days 
every day on account of dental absences over 
one day in length.’ Figures vary consider- 
ably ; in small plants we have practically no 
data, but four plants in Tennessee * showed 
47.3 absences per year due to dental ills per 
1000 employees. Another group of figures 
obtained by the Tennessee State Health 
Department indicated that a plant in northern 
Alabama had about the same rate and a steel 
plant and a public utilities plant had a little 
lower rate. The data are gradually being 
accumulated, and there is no question that 
valuable time is being lost because of dental 
ills. 

The loss of efficiency is equally important. 
If any of you has had to work with an aching 
tooth or has suffered from infection else- 
where because of oral sepsis, you know that 
a distinct hazard is involved and that pro- 
duction is jeopardized. 

The types of plans that have been devel- 
oped vary tremendously. The Pennsylvania 
State Dental Industrial Health Officer be- 
lieves that a plant with 2500 employees 
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justifies the full-time employment of a dental 
staff. This depends considerably on the 
nature of the services that the dental depart- 
ment is to render, but plants of 500 or less, 
in general, cannot maintain a full-time den- 
tist. In many instances, the dental depart- 
ment is under the direction of the medical 
department. It is possible to employ a den- 
tist on a part-time basis, to utilize a clinic 
or group practice, or to refer the employee 
to the dentist of his own choice. I am not 
going to try to give you any particular solu- 
tion. It is necessary to consider each problem 
individually. 

The dental services rendered also vary 
greatly. Some plants give complete dental 
service ; others give partial dental care. The 
type of services may include one or more of 
the following: preemployment examination ; 
regular examination ; emergency care ; treat- 
ment of occupational disease ; palliative treat- 
ment, and, by no means least important, 
dental health education. It is extremely im- 
portant to teach the employee the means at 
hand to prevent dental ills. 

A circumstance that gives us the greatest 
amount of trouble in making and establishing 
a dental program on a comprehensive basis 
is the tremendous backlog of dental needs 
of most employees. This is true of any group. 
If I were to examine the mouths of all of you 
here, we would find a surprising need for 
dental care. It may average as high as $280 
per person. Thus, we cannot dismiss a dental 
program by saying, “Get these people in good 
dental health.” 

Correction of accumulated dental defects 
is not a function of the plant’s dental depart- 
ment. That function should be carried on 
elsewhere. But the need for an annual or 
regular dental examination is extremely im- 
portant, because situations develop within 
the course of any year that may lead to any 
of the costly effects arising from lack of 
dental care. 

One thing that I feel is extremely impor- 
tant in this area where we have a great many 
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employees that are wearing dentures is the 
detection of cancer. In routine examination 
of denture patients at the Dental School and 
the County Hospital, we discover many 
lesions. | am certain that a routine examina- 
tion of employees in the Pacific Northwest 
would disclose some early cases of oral can- 
cer which have a good prognosis, whereas 
when the disease is well advanced, it is almost 
always fatal. 

The cost of a dental program depends 
upon its nature and extent. Some figures 
indicate that between $2.50 and $5.00 per 
employee per year will give a very satis- 
factory program, but this amount will not 
provide services beyond emergency care. 

I would like to close with a very strong 
plea that we consider the possibility of bring- 
ing dental industrial care programs into not 
only small plants but large plants as well and 
that the advice be utilized of the agencies 
which are available—the District 
Societies, State Dental 


Dental 
Associations, the 


American Dental Association, the American 
Association of Industrial Dentists, and the 
State Dental Health Officers. 


The industrial nursing service should be 
administered and staffed by registered pro- 
fessional nurses. Industries and companies 
vary widely; so do the policies governing 
the type and amounts of professional nursing 
service to be provided and the administrative 
methods of supplying service. The objectives 
are the same for all nursing services, how- 
ever. Varying conditions may limit or modify 
the practical goal of achievement. 

The major objective of any industrial 
nursing service is to provide a nursing pro- 
gram for employees which will help them 
maintain the highest potential level of health 
and efficiency. 

Contributory objectives are 

—To give competent nursing care and treatment. 

—To obtain medical direction where none exists. 


[39] 


Objectives of an Industrial Nursing Service 


I had not realized that we have so great 
a need for industrial dental programs in this 
area. The Dental School of the University 
of Oregon will begin to make a study of this 
problem, but worth-while data will not be- 
come available without the complete coopera- 
tion of industry. Until the plants are willing 
to begin such programs and keep similar if 
not uniform records, nothing of much value 
will emerge. 


Harotp Noyes, D.D.S., M.D. 
Dean, University of Oregon Dental School 


Portland, Ore. 
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—To adapt the nursing program to serve the 
health needs of the company with respect to its 
character, size, and location. 

—To have and maintain adequate space, equip- 
ment, and supplies. 

—To have and use an adequate record system. 

—To maintain good working relations with all 
departments of the company. 


—To maintain cooperative relations with local 
physicians and health and other community 
agencies. 

—To maintain good relations with the general 
public. 

—To upgrade the quality of the nursing service 
through continual personal and _ professional 
growth. 

—To evaluate the nursing program periodically 
and revise it to meet changing needs. 

Developed in 1955 by the Committee on Profes- 

sional Standards, Approved by the Board of Direc- 
tors, American Association of Industrial Nurses. 
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Two New Projects in California 


The hazards of manufacture and use of 
fiberglass and the possible toxic effects of 
fingerprinting inks are in the preliminary 
project stage at the California Department 
of Public Health, Bureau of Adult Health, 
according to Dr. William H. Clark, Acting 
Chief of the Bureau. 

Dr. Clark reports that consideration is 
being given to exploring the possible pul- 
monary disease hazards associated with the 
manufacture and fabrication processes of 
fiberglass and similar substances. 

“While in earlier years,” said Dr. Clark’s 
report, “this fiberglass was considered in- 
nocuous, some recent data suggest that in 
experimental animals some pulmonary path- 
ologic conditions may result from exposure. 
There have been occasional casual reports 
of disease in persons working with glass 
material, but any etiologic relationship is not 
clear.” 

The staff of the Bureau of Adult Health 
is taking preliminary steps, including litera- 
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ture review, and is seeking better documenta- 
tion of instances of diseases relating to fiber- 
glass as well as to the resins and solvents 
associated with its manufacture and use, 

Dr. Clark also reports that an interesting 
problem has arisen in connection with new 
legislation requiring the footprinting of new- 
born infants. 

“Inks of the commonly used fingerprinting 
type,” he said, “may contain highly toxic 
substances, such as aniline dyes and tricresyl 
phosphate. 

“It seems possible that some hazard to 
the infant might exist if such materials were 
used, although data on this point are non- 
existent or at least not known to the Bureau 
staff.” 

The Bureau staff is assembling preliminary 
information on the composition of inks which 
might be suitable for the footprinting of 
infants and is communicating with other 
agencies for material on hospital footprinting 
practices in past years. 
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FROM FUMES TO FIRES: 
Extracts from Michigan’s 1955 Report 


In the course of a year a State Division of 
Occupational Health has a broad variety of jobs. 
In 1955 Michigan's Division, directed by John C. 
Soet, was typically busy. A chemical company 
fire not only provided unusual activity for Di- 
vision personnel but also showed the value of 
records and on-the-scene occupational health 
supervision, 


A continued and effective program of 
improving the working environment of Mich- 
igan’s industrial population has been made 
during the past year. Of much significance 
are the increase in the number of industrial 
establishments visited, the number of studies 
made, and the outstanding compliance with 
the Division’s recommendations. 

In the past year 1766 different plants, 
employing close to 500,000 workers, were 
visited in an effort to evaluate the many 
factors concerning the health of employees. 
This includes the important and sometime 
difficult objective of making certain that 
where a health hazard exists recommenda- 
tions for control are submitted and remedial 
measures effected. 

The atmospheric pollution problem created 
by the increase in industrial activities and a 
more acute sensitivity on the part of the 
public, insisting more than ever before on 
a clean environment, have created a steady 
demand for the evaluation of pollution prob- 
lems. An increased air-pollution workload 
appears inevitable. 

A total of 803 recommendations for the 
improvement of working conditions were 
submitted to industry during the past year, 
and there has been compliance with 549 of 
these recommendations. Industry has spent 
in excess of $1,255,000 in complying with 
the Division’s recommendations. A continued 
effort will be directed toward bringing about 
compliance in those plants where improve- 
ments are still necessary. 
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The control of hazardous air contaminants 
which cause occupational health problems is 
often brought about with the successful ap- 
plication of ventilation techniques. It is im- 
portant that the material contaminating the 
workroom environment be removed, and 
exhaust ventilation is an important method 
of accomplishing this task. The Division’s 
ventilation consultants have provided to in- 
dustry technical assistance on a broad variety 
of problems. On some occasions, the ventila- 
tion consultants have recommended modifi- 
cation of existing ventilation installations for 
more efficient and effective operation. On 
others, complete tailor-made ventilation de- 
signs were prepared in accordance with the 
operational requirements. The Division 
through the years has developed a series 
of standard prints illustrating proper ventila- 
tion techniques for control of the more 
common industrial processes, such as cyanide 
heat treating, spray painting, and electro- 
plating. These prints have been made avail- 
able for distribution. 


The past year has been exceptional in 
terms of the large increase in the volume of 
work accomplished by the Division’s labora- 
tory staff. In addition to the everyday task 
of analyzing samples submitted to the labora- 
tory by district office personnel, there has 
been vigorous activity in related laboratory 
responsibilities. The latter included partici- 
pation in the Nuclear Energy Control Com- 
mittees of both the American Conference of 
Governmental Industrial Hygienists and the 
American Industrial Hygiene Association. 
In addition, several detailed studies have been 
made on x-ray and betatron installations, 
with the result that about $100,000 has been 
spent on the basis of radiation control meas- 
ures recommended by the laboratory section. 


Samples analyzed by the laboratory section 
are typical of the industrial operations con- 
ducted in the State and are in the form of 
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solids, gases, mists, fumes, and vapors, with 
the great majority requiring complex ana- 
lytical techniques. The laboratory necessarily 
deals with minute concentrations of air 
contaminants representing a wide variety of 
industrial operations. 

The laboratory has continued to cooperate 
with the Recommended Analytical Methods 
Committee of the American Conference of 
Governmental Industrial Hygienists in pre- 
paring standard methods of analysis and has 
cooperated with other governmental and 
industrial laboratories in the development of 
specific analytical techniques. Laboratory 
personnel have participated in the Division 
field activities in radiation, civil defense, and 
workshop activities. The laboratory also has 
the responsibility of issuing, repairing, and 
calibrating all sampling equipment used by 
the Division. 


SOURCES OF REQUESTS LISTED 

Requests for services were received from 
unions, management, governmental agencies, 
physicians, and workers. These were usually 
requests for assistance in matters concerning 
the working environment but have also in- 
cluded problems concerned with air pollution. 
By virtue of the specialized techniques and 
equipment and the technical knowledge re- 
quired, almost all of the air-pollution work 
carried on in the State has been handled by 
this Division. 

Recommendations submitted to industry 
for improvement of working conditions are 
based on comprehensive surveys and studies. 
Not only is management given a complete 
report indicating study data, interpretation 
of findings and recommendations, but the 
engineering report also includes specific in- 
formation as to how satisfactory control of 
the hazard can be brought about. 


Frequently calls for assistance are received 
from the State Labor Department, Office of 
Civil Defense, state, city, and county agencies, 
and other health department divisions, such 
as Hospital Survey and Sanitary Engineer- 
ing. These requests for assistance vary in 
nature. 
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For example, the State Fire Marshal's 
office frequently has called on this Division 
for appraisal of manufacturing or storage 
facilities pertaining to potential fire or ex- 
plosion hazards. In addition, as a result of 
a working agreement set up with the State 
Fire Marshal's office, this Division approves 
the licensing of those dry-cleaning establish- 
ments using synthetic, or what is known as 
the nonflammable-type, dry-cleaning solvents. 
The Fire Marshal’s office does not issue 
operating licenses to these establishments 
until this Division has approved the opera- 
tional procedures in the dry-cleaning plants. 


For many years the automobile manufactur- 
ing industry has been faced with the problem 
of controlling the lead exposure at lead-filling 
and grinding operations on the assembly 
line. Before receiving the prime coat of paint, 
all imperfections, cracks and crevices, in the 
car bodies are filled with a solder containing 
a high percentage of lead. The lead fills are 
then automatically ground or hand-filed down 
to smoothness. These operations can result 
in excessive contamination of the workroom 
air with toxic lead dust and fume and require 
both ventilation control measures and, in 
some instances also, respiratory protective 
equipment. The automobile industry, as a 
result of several serious lead exposures which 
resulted in many illnesses and costly com- 
pensation cases, has, in general, recognized 
the problem and is familar with control 
measures as dictated by the proper medical 
and engineering approach. However, new 
manufacturers have on various occasions 
found it necessary to utilize the same type 
lead-filling and grinding process and have 
neglected to install proper control measures— 
with serious consequences. One such prob- 
lem in industry resulted in the Division’s 
district engineer making a total of 16 visits 
to study and recommend to management 
methods for the control of the lead hazards 
associated with automobile-body production. 


A large number of biologic samples were 
obtained from the workers engaged in the 
lead-application and finish operations, and 
these samples were subsequently analyzed by 
the Division's laboratory. Although excessive 
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concentrations of lead in air were noted, to 
date no lead poisoning among the workers 
has been diagnosed. Continued vigilance on 
the part of the company and the continued 
attention of this Division will be required. 
The company is presently expanding its 
operations and is now constructing a similar 
processing plant in another city. It is con- 
templated that satisfactory control procedures 
will be installed before production is started. 


BLAST-FURNACE GAS PROBLEM 


The medical profession has a responsibility 
of submitting occupational disease reports to 
the Division, and a recent report resulted in 
an investigation concerning three employees 
poisoned by carbon monoxide. 

The victims worked at a power plant 
which was under construction, using blast- 
furnace gas as a fuel. Such gas contains a 
high percentage of carbon monoxide and 
other substances of a combustible and poison- 
ous nature. At the time the accident occurred, 
the blast furnace was in operation but 
the power plant was not. The gas line from 
the blast furnace to the power plant had sev- 
eral pressure vents which were sealed by 
columns of water. These vents were, in turn, 
connected to a sewer outside of the power 
plant. The power plant had numerous pipes 
running into the same sewer, which did not 
have any means of preventing gas backflow- 
ing into them. Just before the accident an 
excessive pressure developed in the gas line, 
blowing the water seal on the vent pipe and 
subsequently allowing the gas to enter the 
sewer. The gas, in turn, entered the pipes 
leading to the powerhouse. Complete dis- 
semination of the gas throughout the power- 
house was the result. Within a short time 
three men became ill, due to carbon monoxide 
exposure, and required hospitalization. Rec- 
ommendations were then made, and carried 
out, to disconnect the gas vent pipes from 
the sewer line, since the latter accomodates 
other waste lines. 


Although problems due to carbon mon- 


oxide exposure arise throughout the year, 
the majority of such incidents occur during 
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the cool winter months when most doors 
and windows are kept closed and little or no 
dilution of the carbon monoxide can take 
place. The source is usually unit heating 
equipment, gasoline-powered engine lift 
trucks, or, in the case of garages, truck or 
automobile engines. A carbon monoxide ex- 
posure was investigated in a large warehouse. 
The operations involved were the sorting 
of fruit. The fruit was brought to the sorting 
station with gasoline lift trucks. High con- 
centrations of carbon monoxide were found, 
and general ventilation 
were made to control 
generated by the trucks. 


recommendations 
carbon monoxide 
Another carbon monoxide incident con- 
cerned a propane gas-heated degreaser. The 
propane heating unit was used only during 
the summer months when process steam was 
not available. The investigation revealed that 
there was no hazard from the degreasing sol- 
vent exposure. However, the carbon mon- 
oxide readings obtained were in the range of 
200-400 parts per million parts of air at the 
breathing zone. The carbon monoxide was 
caused by a flue that was plugged and was 
not adequately exhausting the products of 
combustion to the outside. 


Michigan is one of the leading States in 
the manufacture of automobile and truck 
tires, and it is interesting to note that one 
large manufacturer of auto and truck tires 
made major changes in its operations after 
dust concentrations were found to be exces- 
sive at several operations. Dust concentra- 
tions were found to be high at the stage 
where carbon black was added to the mix and 
at the lay-down stations where the rubber 
was being stacked. To reduce these concen- 
trations, the company installed a system in 
which the carbon black is handled in bulk 
form by the use of mechanical equipment. 
The dry soapstone, which was the predom- 
inant hazard at the lay-down stations, is no 
longer present, since systems have been in- 
stalled to coat the rubber with the soapstone 
suspended in a liquid. 


A somewhat unusual type of investigation 
concerned the determination of radiation 
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levels in the vicinity of the picture tube of 
a 19 in, color television set. Here the con- 
cern was not exposure to the viewer, since 
the radiation was soft (not penetrating type) 
and the cabinet and safety glass would pre- 
vent an exposure. The main concern was for 
a man working on the chassis outside of the 
cabinet. Some radiation was detected, but a 
special instrument, at the present time un- 
available, is needed for better quantitative 
measurement of the radiation levels. 


NEW HAZARD IN SPRAY PAINTING 


There have been several advances in in- 
dustrial spray painting techniques. The most 
outstanding have been the electrostatic spray- 
ing process and another recent development, 
the hot spraying process. Electrostatic spray 
painting is common in many of Michigan’s 
plants utilizing either the spray gun-type 
equipment or the rotating bell type. There 
has been some question as to the method of 
controlling the solvent vapors given off with 
the use of local exhaust ventilation, mainly 
because of the effect of air movement in the 
spray zone. Air sampling in several plants 
using electrostatic spray equipment has indi- 
cated the presence of high solvent concentra- 
tions in the breathing zone of the workers. 
Despite the conflicting opinions with regard 
to local exhaust ventilation, it has been found 
that a properly designed system controls the 
solvent exposure and does not hinder per- 
formance of the spray equipment. Control 
air velocities up to 100 ft. per minute can 
be tolerated safely and, with proper design, 
do a good job of control. The hot spray 
process is similar to the common method of 
spray painting, using compressed air and a 
spray gun which serve to atomize the paint, 
except that the paint is sprayed at an ele- 
vated temperature. The advantages of the 
hot spray technique are the lower pressures 
required, better coverage, and lower paint 
consumption. However, since an appreciable 
solvent loss still occurs, local exhaust ventila- 
tion in the form of the common type paint 
spray booth is recommended. 


Experience in two large plating and buff- 
ing plants has indicated the necessity of 
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revising ventilation standards for automatic 
buffing operations. A thorough check of the 
ventilation system in the buffing and polish- 
ing department of these two plants reveals 
that suitable control of the buffing dust and 
lint given off can be brought about only 
with properly designed ventilation, effective 
maintenance, and a good housekeeping pro- 
gram. The dirt given off by automatic buffing 
equipment is excessive, and the nature of the 
operation is such that complete coverage of 
the wheels with enclosing type hoods is al- 
most impossible. The result is that the tra- 
jectory of buffing dust and lint thrown off 
during the passage of the part directly under 
the wheel is past the buffing hood and accord- 
ingly is not captured. Good ventilation control 
utilizing very high exhaust volumes per 
wheel will, no doubt, minimize the dirt and 
air contamination common to this type of 
operation, provided that consideration is 
given to the housekeeping and maintenance 
needs. The air volumes exhausted from the 
typical manual buffing-stand operation are 
about half of that required for the automatic 
operation using the same size wheel. 

The Division of Sanitary Engineering, as 
in the past, has frequently consulted the 
Division with respect to ventilation provisions 
to be made in new sewage-plant installations. 
Suitable ventilation control, as recommended 
by the Division, is now a necessary part of 
such installations. 


There has been a construction boom in 
regard to the erection, expansion, and mod- 
ernization of new hospital facilities. The 
Hospital Consulting Section has frequently 
referred its hospital ventilation problems to 
the Division for review. Hospital ventilation 
is critical in operating rooms where inflam- 
mable anesthetic gases are used, and it is 
important that many precautionary measures, 
including properly designed ventilation, are 
taken into consideration. 


CHEMICAL COMPANY FIRE 


The diversity of the Division’s activities 
is illustrated by the following incident in- 
volving the Lapaco Chemical Company fire. 
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At 8: 30 a. m. Sept. 17, 1954, the Division 
received a telephone call about the fire from 
the Lansing Health Department. Information 
was requested on the toxicity and explosi- 
bility of the chemicals used in the production 
process at the company. The Division was 
also asked to send personnel to be of assist- 
ance at the scene of the fire. 


Division records included a comprehensive 
list of chemicals being used by the company, 
and it was immediately evident that serious 
toxic concentrations of gases and vapors 
could be produced in the combustion of these 
chemicals. 

Division personnel arrived at the scene of 
and found that the 
Township Fire Department had been fight- 
ing the fire since 8:30 a. m. 


the fire about 9 a. m. 


The Lansing 
Fire Department had just set up its pumper 
truck and was running hose lines to the 
buildings. The fire was burning vigorously 
in the west two-thirds of the main process 
building of the plant, and large clouds of 
smoke were rising. The wind was blowing 
from the thermal lift, carrying the gases and 
smoke high into the air. 


However, it was noticeable that there was 
short, gusty wind changes and downdrafts, 
and it was apparent that these air currents 
might possibly create a serious hazard from 
toxic gas and vapor. An immediate confer- 
ence was held with members of the Lansing 
and Township Fire Departments and with 
the manager of the company. It was pointed 
out to the fire chiefs that a significant amount 
of anhydrous ammonia was stored in cylin- 
ders in the building, that large tanks on the 
southeast side of the building contained 
nitrochlorobenzene, and that the firm proc- 
essed nicotinic acid. It was the consensus 
that the fire fighting personnel should move 


farther the 


west, away from nitrochloro- 


benzene. 

As the fire continued to burn, it appeared 
that all the storage tanks were likely to 
explode. Heavy smoke from the burning 
. building settled in the neighborhood directly 
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to the south of the plant, causing a pungent 
odor and burning of the eyes. The possibility 
of the storage tanks exploding contributed to 
the hazard. 


Under these conditions it was decided that 
the safest procedure would be to evacuate the 
area surrounding the plant, and this was done 
immediately. 


The anhydrous ammonia tanks exploded 
shortly after the evacuation began. Part of 
the debris was carried as far as two blocks 
from the plant. The danger from the large 
storage tank containing about 35,000 Ibs. of 
nitrochlorobenzene became more acute as the 
flames surrounded the location. 


The east end of the building was burning 
vigorously by this time, and fumes from the 
nicotinic acid were being carried into the 
neighborhood. Heavy concentrations of ox- 
ides of nitrogen were again noted. At various 
times the fire was intense enough to lift the 
smoke and fumes from the area. 


As the fire continued to burn, the wind 
shifted from the north to the northeast, and 
the neighborhood was cleared somewhat of 
the toxic fumes. At this time the possibility 
of the return of the residents to their homes 
was discussed with the State Fire Marshal. 
It was decided to allow the residents to re- 
turn to their homes at 2 p. m. The fire was 
nearly out two hours later. 

The origin of the fire was a hammer mill 
grinding nicotinic acid. The operator of the 
equipment said he heard a metallic noise in 
the grinder, followed by an explosion in the 
dust system. The dust system was exhausted 
through a bag collector. The explosion car- 
ried through the building, setting the interior 
ablaze. Six men were inside the building at 
the time of the fire. The five men on the 
ground floor escaped immediately ; the sixth 
man on the second floor remained in the 
building about a minute, then broke an up- 
stairs window and jumped to safety. His only 
apparent injuries were cuts on the hand and 
a burned face. 
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The company was engaged in the manu- 
facture of a vitamin-B complex for ani- 
mal consumption. The estimated loss was 
$350,000. During the fire two men of the 
Lansing Township Fire Department became 


Pretesting Ventilation 
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ill and had to temporarily leave the area of 
the fire. It is likely that if the firemen had 
continued to fight the fire from the southeast 
corner of the plant in the direct path of fumes 
serious consequences would have developed. 


for the Baltimore Harbor Tunnel 


The special skills of the industrial hygienist 
are often called upon for anticipating problems 
that may arise and solving them in advance. In 
Baltimore the Bureau of Industrial Hygiene, 
headed by Charles E. Couchman, is working on 
just such a project. 


A vehicular tunnel under the Baltimore 
harbor has long been a dream of both State 
and city planners in Maryland. The dream 
is nearing fulfillment, and detailed plans are 
being developed. 

One of the major problems encountered 
by the tunnel designers was that of supply- 


ing huge quantities of fresh air to the tunnel 
while exhausting thousands of cubic feet 
of automobile fumes. 


Under initial plans the logical place for 
the fresh-air intake for the tunnel was 
situated in the center of a group of chemical 
and other industrial plants on the harbor’s 
edge. The tunnel’s designer wanted to know 
what level of air pollution and what specific 
pollutants would be encountered at the 
selected intake site. 


The designers turned to the Maryland 
State Roads Commission which, in turn, 
sought help of the Maryland State Depart- 
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ment of Health, the Baltimore City Health 
Department, and the Bureau of Industrial 
Hygiene of the Baltimore department. 

From the designers the Baltimore indus- 
trial hygienists learned that the fresh-air 
intake was to be a 75 ft. tower, with 
air-intake gratings in the upper 50 ft. of 
the tower. 

At the proposed site of the intake tower 
the industrial hygienists put up a 75 ft. 
telephone pole (Fig. 1) and at its base 
built a small shack to house air-sampling 
equipment. 


Stainless-steel tubing was run up the pole 
(Fig. 2) to five locations corresponding 


with the proposed air-intake gratings of the 
finished intake tower. Sampling heads were 
connected to the upper ends of these steel 
tubes. 


The lower ends of the tubes were run 
into the shack and were connected to auto- 
matic air-sampling equipment. 

The Bureau of Industrial Hygiene and 
the Maryland State Roads Commission plan 
a two-year test of air pollution in the pro- 
posed intake-tower area. Present pollution 
will be analyzed, corrective measures will 
be suggested, and then the effectiveness of 
these measures will also be studied to insure 
clean air for the tunnel when it is completed, 
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Regional Medical Directors Meet 


Seven of the eight Regional Medical 


Directors of the Department of Health, Edu- 
cation, and Welfare, Public Health Service, 
visited Occupational Health Field Head- 
quarters and received a report on Occupa- 


tional Health Program planning when the 
Directors visited Cincinnati in January. 

Dr. Seward E. Miller, Chief, Division of 
Special Health and Henry N. 
Doyle, Chief, Occupational Health Program, 
outlined some of the program’s work over 


Services, 


the past year. They also discussed work on 
projects that are under way or scheduled 
for the next fiscal year and methods for 
greater utilization of Regional -Office per- 
sonnel in occupational health work. Later, 
problems relating to occupational health work 
in the States of each Region were discussed 
with the Regional Medical Director con- 
cerned. 

Following this “orientation” program, the 
Medical Directors were taken on a tour of 


the Field Headquarters’ Laboratories by Dr. 
W. Clark Cooper, Chief, Occupational Health 
Field Headquarters, and Dr. Herbert E. 
Stokinger, Chief, Toxicology Service, of the 
Field Headquarters. 

Shown in the picture are, clockwise from 
the left, Dr. Cooper; Dr. Francis J. Weber, 
VIII, Denver; Dr. Charles E. 
Blankenship, Region VI, Kansas City; Dr. 
Richard P. Boyd, Region IX, San Francisco ; 
Dr. Eugene A. Gillis, Region I11, Washing- 
ton, D. C.; Dr. A. W. Christensen, Assistant 
Chief, General Health Services, Washington, 
D. C.; Dr. Albert L. Chapman, Region II, 
New York, and Dr. Stokinger. 


Region 


Missing from the picture are Dr. Maurice 
A. Roe, Region VII, Dallas, and Dr. Harald 
M. Graning, Region V, Chicago, who were 
in another part of the building. 

Dr. W. H. Aufranc, Region IV, Atlanta, 
was unable to attend the conference. 
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instant 
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...the new and improved 
Saunders’ Snake Bite Kit, 
exclusive with ... 


When a poisonous snake strikes, suction must be applied tm 


mediately. Venom must be prevented from spreading throngh 
the body. The new, improved Saunders’ Snake Hite Nit provides 
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but awake 


In emotional and nervous disorders, 
Mebaral exerts its calming influence 
without excessive hypnotic action. 


Mebaral is also a reliable anticonvulsant. 


INDICATIONS: 


Because of its high degree of sedative 
effectiveness, Mebaral finds a great field 
of usefulness in the regulation of 
agitated, depressed or anxiety states, 

as well as in convulsive disturbances. 
Specific disorders in which the calming 
influence of Mebaral is indicated 
include neuroses, mild psychoses, nervous 
symptoms of the menopause, hyper- 
tension, hyperthyroidism and epilepsy. 
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for sedation 
Sedative: 

32 mg. (2 grain) and 

new 50 mg. (% grain) 
Antiepileptic: 
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Tasteless TABLETS 


WINTHROP LABORATORIES New York 18, N.Y., Windsor, Ont. 
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